OLD FIELD REFORESTATION IN THE GREAT APPALACHIAN VALLEY AS 
RELATED TO SOME ECOLOGICAL FACTORS 


Leon S. MINCKLER! 


Appalachian Forest Experiment Station 
Asheville, North Carolina 


1In cooperation with Department of Forestry Relations, Tennessee Valley Authority. 








TABLE OF CONTENTS 


INTRODUCTION 
DESCRIPTION OF StTupy AREA 


FIELD EXPERIMENTS ESTABLISHED 
Pure Plantings 
Mixed Plantings 
Interplantings 
Oak Direct Seeding 
Data COLLECTED 
Precipitation 
Soil-site 
Vegetation 


Plantation 


RESULTS ae 
Factors Affecting Plantation Mortality 
Plantation Growth Characteristies 
Growth of Plantations in Relation to Soil-site Faetors and Vegetation 

Shortleaf Pine 
Eastern White Pine 
Yellow Poplar .........:. 
Black Walnut 
White Ash 
Sweet Gum 
Southern Cypress 
Black Locust 
Oak Direct Seeding 
Mixtures 
Interplantings 
PLANTING SPECIFICATIONS 


SUMMARY 


LITERATURE CITED 


[ 88 ] 


PAGE 
89 
90 


91 
91 
91 
92 
92 
92 
92 
92 


100 
101 
101 
101 
101 
102 
103 
106 


106 
107 


107 











OLD FIELD REFORESTATION IN THE GREAT APPALACHIAN VALLEY AS 
RELATED TO SOME ECOLOGICAL FACTORS 


INTRODUCTION 


The reforestation of old fields abandoned for agri- 
culture and unsuited to other uses has a definite place 
in a wise and ecologically sound policy of land use. 
The Forest Service, U. S. Department of Agriculture 
(1933) estimates there are 135 million acres of idle 
unproductive land in the country. The National Re- 
sources Planning Board (1942) proposes a 32-mil- 
lion-acre forest planting program, mostly east of the 
Mississippi. In the Great Appalachian Valley and 
adjacent Cumberland and Appalachian Mountains 
there are perhaps 2 million acres of idle land, at 
least part of which needs planting. The exact amount 
of land which should be planted is not known and 
cannot be known until definite land-use policies have 
been established everywhere. Whatever the amount 
and policy may be, considerable planting will be done 
and guiding principles of species adaptation to site 
conditions will be required. 

The region of the Great Appalachian Valley and 
adjacent mountains has predominantly 
forest types. Old fields, however, have been so al- 
tered by many years of cultivation and erosion that 
the original growth is usually not a good planting 
guide. Shortleaf pine (Pinus echinata Mill.) in the 
southern part of the Valley, and eastern white pine 
(Pinus strobus L.) in the northern part have been 
planted with some success. Aside from black locust 
(Robinia pseudoacacia L.) few hardwoods have been 
planted. Much of the hardwood planting in the 
Kast, including black locust, has been a partial or 
complete failure beeause of insufficient knowledge 
and attention to soil-site factors of the planted areas. 
Any sound program of reforesting idle land in this 
region will require the knowledge and application of 
ecological principles that influence plantation suc- 


cess. 


hardwood 


Studies elsewhere indicate the importance of a 
knowledge of site and soil-site conditions, particu- 
larly when hardwoods are to be planted. Success of 
the extensive shelterbelt plantings in the Plains 
States has been due largely to selection of the lighter 
fallowing and cultivation. Stoeckeler and 
Bates (1939) have shown that porous soils are much 
superior to the more compact soils for shelterbelts. 
In part, the problems on the water eroded old fields 
of the more humid East are much different. Chap- 
man (1937) states that conifers should be planted on 
the more adverse sites. They help to prepare the 
soil for the hardwoods which should eventually be 
brought back in a predominantly hardwood region. 
He believes, however, it is feasible to plant hard- 
woods on the better sites of the unglaciated part of 
the central hardwood region, but states there is a 
need for large-seale planting experiments. Auten 


soils, 


(1935) points to the lack of knowledge upon which 
predieation of success in hardwood plantings can be 
based. He found that marked superiority of growth 
of a yellow poplar (Liriodendron tulipifera L.) plan- 
tation could only be accounted for by reduced com- 
pactness of the B soil horizon and increased depth 
of the Ai soil horizon. Lunt (1939) found in Con- 
necticut that site quality was chiefly a resultant of 
those factors affecting the water economy of the tree, 
that is, available moisture, topography, and depth of 
soil. 

The influence of topography, especially slope ex- 
posure, upon vegetation has been noted by several 
writers. Potzger (1939) noted in central Indiana a 
sharp zonation between the oak-hickory and _ beech- 
maple forests on the south and north slopes, respec- 
tively. Along the banks of the Missouri River, Cos- 
tello (1931) observed prairie conditions on the west- 
facing and dense forests on the east-facing slopes. 
Braun (1940) found that forest types reflect differ- 
ences in slope exposure. Turner (1937) found some- 
what the same situation in Arkansas where his elassi- 
fication of forest types is closely related to slope 
exposure. 

One of the most extensive older hardwood plant- 
ings is in the Biltmore Estate near Asheville, N. C. 
Haasis (1930) reported that, with a few exceptions, 
these plantations were failures. They were planted 
mostly on hillside old fields in a rather bad state of 
erosion and depletion. The need for study of hard- 
wood planting and site factors has been recognized 
by Behre (1932), and Heiberg (1933) cites examples 
of fine yellow poplar plantations and recommends a 
larger place for hardwoods in New York State’s re- 
forestation program. 

Relatively little attention has been given to mixed 
plantings but there is some evidence of a growing 
interest. Among others, the subject has been dis- 
eussed by Behre (1932) and Maissurow (1939), who 
describes a method of mixing by groups according to 
site. 

An opportunity to solve some of the problems of 
pure and mixed plantings of various species in rela- 
tion to topography, soils, vegetation, and other eco- 
logical factors was given by a cooperative agreement 
between the Department of Forestry Relations, Ten- 
nessee Valley Authority, and the Appalachian Forest 
Experiment Station of the U. S. Forest Service. The 
Tennessee Valley Authority administers 118,467 
acres of land completely surrounding Norris Lake 
about 20 miles north of Knoxville, Tennessee. When 
the land was acquired in the mid-1930’s about 36 per- 
cent was old fields in all stages of depletion, with a 
wide range of topographic and soil-site conditions. 
On some of these old fields 700 experimental plant- 
ing plots were laid out and surveyed in 1937. The 
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plots were planted and seeded during the first three 
months of 1938 and 1939. Formal examinations of 
the plots were made at the end of the first, third, and 
fifth growing seasons. This report is concerned 
chiefly with fifth-year results. Although the scope of 
the study will increase as the trees grow older, initial 
emphasis has been placed on plantation success as 
related to easily recognized site factors. 


DESCRIPTION OF STUDY AREA 


The study area is about 12 miles wide and 35 miles 
long, extending northeast from Norris, Tennessee to- 
ward the Tennessee-Virginia line, and lies just east 
of the Cumberland escarpment. It is a strip com- 
pletely surrounding Norris Lake and includes the 
peninsula between the two arms of the lake, formerly 
the Clinch and Powell Rivers. The topography is 
characteristically hilly with long steep slopes and the 
consequent sharp aspectation. The altitude ranges 
from 1,020 feet (Norris Lake) to about 1,800 feet. 
The average mean annual rainfall from 7 stations on 
the area is 44 inches. By a 28-year record at Taze- 
well, Tennessee, the average growing season is 174 
days, average January temperature 35.2 degrees F., 
average July temperature 74.3 degrees F., and max- 
imum and minimum temperatures 106 and —29 de- 
grees F., respectively. 

The unglaciated, residual soils are derived chiefly 
from limestone, dolomite, and shale parent material. 
The six soil series which constitute the bulk of land 
in the area were sampled by the experiments. Dewey 
and Talbot are derived from limestone, and Fullerton 
and Clarkesville from dolomite. The Montevallo and 
Armuchee soils are essentially of shale origin. The 
Fullerton and Clarkesville cherty silt loams cover by 
far the largest portion of the experimental area. The 
Dewey and Talbot soils are considered better for ag- 
rieulture, have almost no chert, but have more com- 
pact and impervious subsoils than the other four 
series. Typical old-field sites of dolomite, limestone, 
and shale areas at time of planting are shown in 
Figures 1, 2, and 3, respectively. 





Fie. 1. Typical old-field topography on dolomite soil 


type site. The soil on all the area shown is Fuller- 
ton cherty silt loam and cherty fine sandy loam. The 
definite aspectation and land-use pattern are evident. 


The northeast slope in the foreground has been aban- 
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doned 1 year. Cornstalks are still standing and the 
vegetation is a dense weed stage with much crabgrass. 
This slope later proved to be a good yellow poplar and 
white pine site. The lighter areas in the background 
are broomsedge covered and have been abandoned from 
4 to 6 years. Blackberry is beginning to appear on the 
sedge sites and on some of the northerly slopes while 
still in the weed stage. 


pote 





Fig. 2. Typical old-field topography on limestone soil 
type sites. The soil on area shown is Dewey silty clay 
loam with a tendency toward a strongly plastic or stiff 
B horizon, The field has been abandoned 3 years and 
broomsedge is just beginning to appear. Blackberry 
had not appeared on this site 7 years after this photo 
but broomsedge was abundant. Compare the height and 
density of this weed stage cover with that in Fig. 1. 
Only shortleaf pine or red cedar grew well on this site. 





Fig. 3. 
sites. 


Typical old-field topography on shale soil type 
Slope steepness ranges up to 85 percent but, be- 
cause of the friable nature of the soil and probable lack 
of long continued cultivation, erosion is not excessive. 
The northerly slopes shown have the very dense high 
vegetation shown in Fig. 4. The steep southwest slope 
in foreground is too severe for anything except short- 
leaf pine, Virginia pine, or red cedar. The northerly 
slopes shown have given good hardwood growth but vege- 
tation is too dense for the pines. 


The land-use history of the area for many years 
has been steep land agriculture with corn and tobacco 
as major crops. Small grains and hay have been 
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unimportant, and most pastures were of the unim- 
proved or wild variety, alternately grazed and tilled. 
Woodland grazing, burning, and bad eutting prac- 
tices have been common. Erosion and depletion of 
the fields have gone on for many years, but there is 
a rather wide range of intensity in this respect. Most 
of the old fields on the area were abandoned in 1934 
and 1935, but some as early as the mid-twenties, and 
as late as 1936. 

Forest type differences related to slope, exposure, 
and steepness are evident on the area. The southerly 
slopes support oak, oak-pine, or oak-hickory whereas 
the northerly slopes have yellow poplar and yellow 
poplar-shortleaf pine as well as oaks and hickories. 
On south aspects the steeper slopes have the more 
xerie conditions. These observations led to studies of 
soil moisture, soil temperature, and depth of top soil 
as related to aspect and slope steepness on old fields. 
Minekler (1941¢) summarized the findings. North- 
facing slopes had significantly greater amounts of 
soil moisture than south. There was an approximate 
increase in soil moisture of 1.5 percent for each 100- 
foot slope descent on inclines of about 30-pereent 
steepness. Southerly slopes had less top-soil depth 
than northerly and, in general, steeper slopes had 
less top soil than gentler slopes, especially for the 
southerly exposures. The data indicated an increase 
of 0.8 inch in top-soil depth for each 100 feet of 
slope descent on inclines up to 30 percent, and 1.1 
inches on slopes over 30 percent. It was shown 
clearly that maximum surface soil temperature is de- 
pendent upon aspect and steepness of slope. On 
southerly slopes there was a rough relation of a 4- 
degree (F.) rise of mean maximum surface soil tem- 
perature for each 10-percent increase in slope steep- 
ness. 

Many species of plants were found on the old fields 
in 1937 and all stages of vegetative suecession from 
the first-vear weed stage to tree seedling reprodue- 
tion. It was evident at once that not only passage of 
time, but site differences and proximity of seed 
source governed the old-field vegetative succession. 
After a survey of all experimental plots the various 
plant groups occurring on the old fields were rather 
well defined. They ean be grouped into 3. sucees- 
sional stages as follows: 


1. Pioneer Stage. Persists 1 to 6 years after abandon- 
ment, mean of 2.6 years since last crop. 

a. Ragweed (Ambrosia elatior) and/or Aster (Aster 
pilosus), wild carrot (Daucus carota), daisy flea- 
bane (Erigeron philadelphicus and E. ramosus), 
horseweed (Leptilon canadense ). 

b. Ragweed, plus Lespedeza spp. and/or bracted 
plantain (Plantago aristata), buttonweed (Dio- 
della teres). 

ce. Lespedeza. 

d. Lespedeza plus ragweed. 

e. Lespedeza plus buttonweed and/or bracted plan- 
tain, poverty grass (Aristida dichotoma and A. 
oligantha), crabgrass (Syntherisma sanguinale). 
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f. Bracted plantain and/or buttonweed, poverty 
grass. 


g. Bracted plantain, ete., plus lespedeza and/or erab- 
grass. 
h. Chiefly crabgrass. 
2. Intermediate Stage. Mean of 4.2 years since last 
crop. 
a. Ragweed, ete., plus sassafras (Sassafras sassa- 
fras), and /or blackberry (Rubus spp.). 
b. Lespedeza plus sassafras and/or blackberry, 
crownbeard (Phaethusa occidentalis). 
e. Lespedeza with broomsedge (Andropogon virgini- 
cus and A. scoparius). 
d. Broomsedge plus ragweed, ete. 
3. Late Stage. Mean of 4.3 years since last crop. 
a. Blackberry 
b. Sassafras 
ce. Broomsedge 


d. Broomsedge plus blackberry and/or sassafras. 


FIELD EXPERIMENTS ESTABLISHED 


Eight different planting and seeding experiments 
comprising 700 plots and 165 acres of net plot area 
were established in the early spring of 1938 and 1939 
in cooperation with the Tennessee Valley Authority. 
Four groups of experiments: pure plantings, mixed 
plantings, interplantings, and oak direct seeding— 
were each randomized and replicated by experimental 
blocks. Each block within an experiment consists 
of a set of randomized plots representing the several 
species and mixture treatments. Blocks were located 
to sample soil types and aspects. 


PurE PLANTINGS 


This experiment consists of 36 blocks of six 
Y,-aere plots each, distributed equally on northerly 
and southerly aspects on dolomite, limestone, and 
shale soils. The six tree species planted for com- 
parison by soil type-aspect classes and other site fac- 
tors are: shortleaf pine, eastern white pine, yellow 
poplar, black walnut (Juglans nigra L.), white ash 
(Fraxinus americana L.), and northern red oak 
(Quercus borealis Michx F.). 

MIxEeD PLANTINGS 

One group of mixed plantings consists of 40 blocks 
of five 1%4-acre plots each, distributed on northerly 
and southerly aspects on dolomite and limestone soils. 
The method of mixture is by 9-tree groups arranged 
3 by 3 in checkerboard position. Twenty of the 
blocks have the following 5 mixtures for comparison 
with each other on the different sites: Shortleaf pine 
and yellow poplar; equal mixture. 

Eastern white pine, yellow poplar, and northern red 
oak; equal mixtures. 

Shortleaf pine and white oak; equal mixture. 

Eastern white pine and northern red oak; equal mix- 
ture. 

Sweet gum (Liquidambar styraciflua L.) and yellow 
poplar; equal mixture. 
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The other 20 blocks have the following mixtures: 
Black walnut and yellow poplar; 1 to 2 mixture. 
Black walnut, vellow poplar, and northern red oak; 

equal mixture. 

Black walnut nad northern red oak; 1 to 2 mixture. 

Northern red oak and white ash; equal mixture. 

Southern cypress (Taxodium distichum (L.) Rich.), 
sweet gum and white ash; equal mixture. 

Another group of mixed plantings consists of black 
locust mixed with shortleaf pine, yellow poplar, black 
walnut, and white ash to test the effect of locust on 
the growth of these species. Half of each plot is 
pure and half is mixed with locust. 
blocks with four 24-acre plots each on dolomite and 
six on limestone soils. 

The trees in the various mixtures have not vet 
reached sufficient age and size for the species to in- 
fluence one another. Consequently, in the description 
of species adaptation to site conditions, the species 
are considered separately. 


There are six 


INTERPLANTINGS 

Interplanting of old-field, head-high stands of sas- 
safras with eastern white pine, vellow poplar, and 
northern red oak was done on four blocks with 16 
small plots each. Treatments were based on cutting 
the sassafras the first, second, third, and fourth vears 
and all combinations. But sassafras cut in late June 
sprouted so weakly that subsequent cutting was un- 
necessary. In addition, part of the area burned so 
that the original design of the experiment was 
changed considerably. In four small blocks 10 spe- 
cies were interplanted in the sassafras without re- 
lease. On three blocks seven species were inter- 
planted in young, poorly-stocked stands of shortleaf 
pine on Y4-aere plots. All interplantings were on 
dolomite soil. 


Oak Direct SEEDING 

The oak direct seeding experiment consists of 18 
blocks of six 44,-acre plots each on dolomite soil. 
The blocks are equally distributed on northerly, 
southerly, and ridge-top exposures. The six species 
of oak seeded were: northern red oak, white oak 
(Quercus alba L.), black oak (Q. velutina Lam.), 
southern red oak (Q. falcata Michx.), chestnut oak 
(Q. montana Willd.), and bur oak (Q. macrocarpa 
Miehx.). 

In the experimental plantings all black walnut was 
direct-seeded. All oak, except where specifically 
noted otherwise, was also direct-seeded. Shortleaf 
pine, yellow poplar, white ash, sweet gum, southern 
cypress, and black locust were established with 1-0 
seedlings. The white pine planting stock was 1-1 
transplants supplied by the U. S. Forest Service. 
All other stock and seed were supplied or procured 
by the Tennessee Valley Authority. 


DATA COLLECTED 
PRECIPITATION 


Excellent precipitation records are available from 
Tennessee Valley Authority rain gauges on the ex- 
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perimental area. Table 1 shows the monthly sum- 
mer and annual rainfall for 6 years and the normal 
for the same periods. The experimental plantations 
established in 1938 received 8.2 inches more rain, or 
about 3 times as much, in April and May of the first 
season than those planted in 1939. This difference 
in first summer rain had considerable effect on growth 
and survival of the plantations. 











TABLE 1. Summer and annual precipitation on experi- 
mental area.! 
| | a 
Period 1938 | 1939 1940 1941 | 1942 1943 |Normal 
Inches | Inches | Inches | Inches | Inches | Inches | Inches 
| ee | 5.6 | 3.4 4.4 4.2 0.9 | 4.0 | 4.4 
May....... . 7.3 1.3 2.9 0.6 | 4.0 | 3.0 4.3 
Bs weaensteca se 4.2 4.0 3.8 3.8 | 3.5 3.8 4.4 
Se any wo cnyes 4.2 3.7 4.1 7.9 | 6 9 7.9 | 4.3 
August. . ee ae 2.0 3.4 3.5 | 7.3 2.9 | 5.0 
September.........| 1.7 1.8 | 0.8 | 0.9 2.7 | 40 | 3.2 
Se eS ae a ee a 
Total summer 27.3 | 16.2 | 19.4 | 20.9 | 25.3 25.6 | 25.6 
—— — — EE — pe — = ae | 
Whole year........| 45.8 | 39.7 | 36.9 | 34.6 | 50.0 | 44.7 | 50.2 
| 

















_ _l Individual years based on means of 4 stations in vicinity of plantations. Normal 
is from one station on area with 39-year record. 


SoI1L-SITE 


Soil data were collected by use of soil wells and 
auger borings. The analysis of the 120 soil wells 
included mechanical analysis, moisture equivalent, 
wilting percentage, and percentage carbon and or- 
ganic matter. There appears to be no consistent re- 
lationship between these soil-well data and the sub- 
sequent growth of plantations. Minckler (1941e) 
summarizes some of the results and points out that 
the soil wells were not sufficient in number and prop- 
erly located to give adequate profile data on the indi- 
vidual planting sites. This was done by systematic 
auger borings on each experimental plot before 
planting, supplemented 6 vears after planting by soil 
examinations on selected plantations. Data collected 
on each plot included identification and depths of the 
soil horizons; and texture, color, structure, and con- 
sistency by horizons. The examination of selected 
plots 6 years after planting included soil porosity 
and biological activity, which were found to be re- 
lated to soil consisteney and structure. 

Soil consistency was classed as friable, plastic, or 
stiff, and was the physical soil character most closely 
related to plantation growth. Consistency classes are 
relative and grade into one another, but as here used 
friable denotes a loose, ecrumby, loamy soil easily 
permeable to air and water as a result of the large 
pore spaces. It cannot be molded into an adhesive 
ball by pressing in the hands, even when moist. <A 
plastic soil is stickier, less permeable to air and 
water, has a larger proportion of the finer clay par- 
ticles, and smaller pore spaces. It can be molded 
into a soft, flexible, adhesive ball when moist, but 
tends to be loose when dry or moderately dry. It is 
not in any sense a “hardpan” and offers only mod- 
erate resistance to root penetration. A stiff soil has 
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a dense, often hard consistency and is relatively im- 
permeable to air and water. It is usually a clay or 
silty clay, very adhesive when moist and compact 
when dry. It is sometimes considered a hardpan or 
near hardpan and offers considerable resistance to 
the penetration of roots as well as air and water. 

Additional data collected for each planting site 
included aspect, steepness of slope, and topographic 
position. Amount of erosion was indicated by the 
depth of the A horizon and by general observation. 
The history of each site, that is, probable year of 
last crop or other land use, was recorded. Some of 
the relations between aspect, steepness, and topo- 
graphie position on the one hand, and depth of A 
horizon, soil moisture, and surface soil temperature, 
on the other, have been summarized by Minckler 
(1941e). 

VEGETATION 

A vegetation map was prepared for each experi- 
mental planting site showing the kind and density of 
vegetation the year before planting. The vegetation 
types were later grouped into successional stages 
(See Section; Deseription of Study-Area). It has 
been possible to relate these successional stages to 
soil conditions, history of the site, and tree growth. 

PLANTATION 

All plantation examinations have been made on a 
100-percent basis. Survival and height were meas- 
ured at the end of the first, third, and fifth growing 
seasons. Growth increment can be calculated from 
the end of the first year to the end of the third or 
fifth years, and mortality for any or all of the three 
periods. 


RESULTS 


The original experimental design provided for bal- 
anced randomized blocks by soil types and aspects 
for each experiment. Results showed, however, that 
soil-site differences within soil type-aspect classes 
were more important in explaining plantation suc- 
cess than soil type and aspect as such. Consequently, 
the original design by experiments and soil type- 
aspect breakdowns is not preserved in this analysis. 
Both pure plantings and mixtures are used and plan- 
tation success is correlated with soil-site factors on 
a plot basis. The discussion in this seetion is based 
on the 216 plots of pure plantings and the 248 plots 
of mixed plantings. The oak direct-seeding experi- 
ment and the interplantings are considered separately 
in subsequent sections. 

In most cases mean values given are based on a 
large number of 14- or %-aere plots and the realness 
of differences is either obvious or so small that even 
statistical significance would have no practical mean- 
ing. Minckler (194la) found statistically significant 
differences of first-year survival of the pure plant- 
ings for the effect of year, soil type, aspect, species, 
and all first-order interactions. This discussion will 
include statistical treatment of significance only when 
it will contribute some real meaning to the results. 
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Factors AFFECTING PLANTATION MorTALITY 


Plantation mortality was affected by first-season 
rainfall, aspect, slope steepness, soil, rodents, and 
density of vegetation. Table 2 gives the mortality 
by periods for the two plantings. Most shortleaf 
pine mortality oceurred the first vear for both the 
1938 and 1939 plantings, and was heaviest on sites 
with dense vegetation. The total 5-year mortality for 
shortleaf pine was a little higher for the wet-year 
plantings (Table 1). The other species, except sweet 
gum, where heavy rodent damage confused the issue, 
had higher mortality for the dry-year plantings. Both 
rodent damage and vegetative competition tended to 
confuse the relations between plantation success and 
soil-site conditions. 


TABLE 2. Plantation mortality by periods as affected 
by precipitation the first growing season after planting; 
all sites. 














| Mortality | Mortality Total 
| Mortality | 2ndplus | 4th plus Mortality 
| lst year 3rd years | 5th years in 5 yearse 
Species ri | : Sar Pate MET ky Har ay 
| $& 8% | 3&/ 38&/3&/| s&| 8) s& 
fe | €s | £e| 82) 62/82) £2) Se 
ee | DE | ee pe ee >E| ce | BE 
Be | Ga |Ba|h52|32/A8|2E/48 
----f---- ee Per\cent - |- - - |- -- |- -- 
Shortleaf | | 
ee 116.3 (34)| 16.7 (42)| 10.1 | 6.5 | 1.9] 2.7 | 28.3 | 25.9 
| 
White pine...| 9.1 (34)| 24.3 (42)| 14.7| 5.5 | 2.9 | 6.2 | 26.7 | 36.0 
Yellow | 
poplar. .... 5.4 (58)) 18.4 (78)) 24.6 | 15.5 1.9 4.0 | 31.9 | 37.9 
Black | 
walnut?....| 48.3 (42)| 51 5 (54)| 16.9 | 14.0 9.8 | 27.2 | 75.0 | 92.7 
White ash....| 3.5 (34)/ 11 3 (42)| 18.0 | 20.5 6.3 | 11.5 | 27.8 | 43.3 
Sweet gum3..| 3.7 (16) 15.3 (24)| 40.1 | 28.3 | 12.4 | 8.7 | 56.2 | 47.3 


























1Figures in parentheses are the number of approximately 44-acre plantations 
included in the mean mortality. 

2Major portion of first-year mortality consisted of germination failure and 
rodent destruction. 

3 Most of mortality due to rodents. 


It is evident that white pine and yellow poplar 
suffered considerable drought mortality even when the 
dry season occurred the second year after planting. 
Minckler (1943) has shown that this was especially 
true on south slopes. Plantations on very steep 
south slopes were virtually eliminated during the dry 
summer of 1939. Current season shortleaf pine on 
such sites also suffered very heavy mortality, but 
second summer shortleaf pine plantations were only 
moderately affected. The overall year effect for 
shortleaf pine on all sites was not important. 

White ash and sweet gum showed much greater 
mortality after the first year for both sets of plant- 
ings. This was due in large part to rodent activity. 
Sweet gum was severely damaged by rodents and this 
obseured any year effect. Black walnut, because of 
lack of germination and rodent activity, had very 
poor survival except on a few favorable sites. 

Minekler (1943) showed an inter-relation between 
rainfall and soil consistency as expressed in planta- 
tion survival. The effect of the low rainfall season 
was felt almost entirely on those sites with a very 
plastic or stiff B horizon. Plantations on soils with 
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TABLE 3. Fifth-year survival and height growth as re'‘ated to soil type and aspect; wet-year and dry-year plant- 
ings combined. 
| Do.miTE Soi. LIMESTONE Soin SHALE Sor. 
Species ‘North "South North South North South 
| — ts aspects aspects apes ts — ts wenn ts 
Shortleaf pine. . . Survival (“%) *79 3 | 28)! S4. *75.9 (10) *78 6 ( 16) 36. 4 (6) *53. 5 (6) 
Growth (ft.) 6.2 6.6 6.7 5.9 3.6 4.0 
| 
White pine. . Survival (‘ *86.1 (23) 80.4 (1 *53.3 (9) 62.1 (14) 45.5 (6) | 34.4 (6) 
| Growth (ft.) 4.8 4.5 1 3.5 3.0 2.6 
Yellow poplar. . . Survival (%) *65.8 (53) 70.1 (42) | *61.8 (13) 64.8 (27) 24.1 (5) 
Growth (ft.) 3.5 3.3 Be 2.1 1.8 
Black walnut Survival (%) 14.9 (44) 18.3 (30) 21.3 (4) 24.4 (18) 36.0 (16)? 
Growth (ft.) 2 1.0 1.2 1.0 |e 
| 
White ash Survival (°%) *62.4 (34) 65.5 (23) 59.6 (4) 66.1 (15) 70.4 (6) | *§2.7 (6) 
Growth (ft.) 2.0 bat 1.3 1.2 2.5 2.2 
Sweet gum......... Survival (°%) 47.5 (17) 53.9 (13) 35.7 (3) 53.0 (7) _ | a 
Growth (ft.) 1.8 2.1 2. 1.9 
Northern red oak. Survival (°%) 2.7 (53) 6.3 (39) 2.2 (9) 4.5 (23) 22.8 (6)? | 10.9 (6)2 
. Growth (ft.) 0.6 0.4 0.4 0.1 1.9 | 1.3 
Southern cypress Survival (%) 73.0 (16)8 = 71.9 (4)3 — - = 
Growth (ft.) 0.7 ).6 | 
Black locust......... Survival (“%) 54.9 (32)8 _ 62.5 (8)3 _ se a 
Growth (ft.) 6.9 5.3 


1 Figures in parentheses are the number of approximately '4-acre plantations included in the mean percent survival and height growth. 


2Values probably 10-20 percent too low; all trees not found in dense vegetation. 


3Values include both north and south aspects except on the best sites most black locust is poorly formed and unthrifty. 


*The most successful species-site combinations. 


a moderately plastic or more porous subsoil had no 
greater third-year mortality for the than 
for the wet-year plantings. 

Differences in plantation suecess of the various 
species on the same soil type-aspect site 
large (Table 3). The difference between north and 
south slopes on dolomite soil types has little if any 
practical significance but white pine, yellow poplar, 
and black walnut are poorer on south than on north 
limestone and shale soils. Differences in plantation 
success by soil types are definite for short-leaf pine, 
white pine, yellow poplar, and black walnut. Sta- 
tistical analyses of white pine growth in Table 
showed highly significant? differences between dolo- 
mite and limestone soil and between north and south 
aspects of these soil types. 


dry-year 


elass are 


Yellow poplar showed a 
highly significant difference between growth on dolo- 
mite and limestone soils but the aspect difference on 


dolomite and limestone soils was not significant. In 
general, shale soil and aspect differences are em- 
phatie. 

Considering the adequate replications of plots it is 
apparent from Table 3 what species-soil type-aspect 
combinations are successful. These are starred in 


Table 3. Although most likely to give planting sue- 


cess, these combinations are very general and do not 
2 Highly significant, 1 percent level: The probability is not 

over 1 in a 100 that the observed difference is due to chance. 

Significant, 5 percent level: The probability is not over 1 in 
20 that the observed difference is due to chance. 


This does not take into consideration significant local differences in site. 


inelude the significant loeal site differences given in 
the planting chart. 

The low survival of shortleaf and white pines for 
north shale sites was due to heavy vegetative compe- 
tition. The poor success of yellow poplar and white 
pine on the very steep south shale slopes was caused 
by drought. Rodent action accounted for the failure 
in survival of northern red oak and contributed heav- 
ily to the partial failure of black walnut, sweet gum, 


black locust, white ash, and yellow poplar in that 
order. It should be noted that, in general, those 
species having the poorest survival also show the 


poorest growth (Table 3). 
PLANTATION GROWTH CHARACTERISTICS 


The 1938 (wet-year) plantings made better growth 
than the 1939 (dry-year) plantings up to the end of 
the fifth year (Table 4). However, the greater in- 
creased growth during the second period (fourth and 
fifth seasons) for the dry-year plantings tended to 
reduce this difference by the fifth year. The ratios 
of seecond-period growth over first-period (second 
and third seasons) growth are above unity for all 
and, with the exception of shortleaf i 
much greater for the dry-year than for the wet-yea 
plantings (Table 5). This means, for example, oe 
shortleaf pine 1.7 times fast the 
period as the first period for both the wet- and dry- 
year plantings. White pine second-period-growth 


species Ss 


grew as second 
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increase was considerably greater than this. The 
dry-year hardwood plantings, except black locust, 
showed a very marked inerease in second-period 
growth. This is due mostly to their slow start the 
first period. 


TABLE 4. Height growth as affected by precipitation 
the first growing season after planting. 














Growth end of first to end of Growth ratio 1939 over 
fifth vear; all sites! 1938 plantings 
Species | | 7 ‘ ; 7 
1938 plantings 1939 plantings End End 
oe wet-year? dry-year2 5th vear 3rd year 
i ne | ” Feet | Feet Pac a | Piensa 
Shortleaf pine.| 5.7 (38)3 5.3 (48) 93 | 97 
White pine | 3.9 (34) 3.7 (42) 95 | 90 
Yellow poplar | 3.0 (64) 2.8 (82) 93 | 64 
Black walnut . | 1.4 (42) 1.1 (43) 79 | 72 
White ash 1.9 (40) 1.6 (47) 84 | 69 
Sweet gum 1.7 (16) 2.1 (24) 123 | 54 
| 


1All soil types and aspects. Values not weighted by number of plantations on 
each of the six soil type-aspect combination. 

2See Table 1 for precipitation data. 
3Figures in parentheses denote the total number of approximately '4-acre 
plantations included in the mean growth. 








The growth rate of white pine is gradually ap- 
proaching that of shortleaf pine, as is also that of 
yellow poplar and white ash, to a lesser extent. Over- 
all growth of shortleaf pine the first period was 1.85 
times that of white pine while the seeond period it 
was 1.35. On some sites the superiority of shortleaf 
pine is much less or actually inferior to that of the 
hardwoods. This involves site selection and is the 
erux of mixture and species adaptation to site. 


TABLE 5. Ratios of second-period over first-period 
growth! as affected by precipitation the first growing 
season after planting. 





} 1938 Planting | 1939 Planting 
Species | Wet-year | Dry-year 
Shortleaf pine A | i 
White pine 2.2 | 2.4 
Yellow poplar 1.9 4.6 
White ash 2.0 3.1 
Sweet gum 1.8 5.1 
Black locust | 1.4 1.6 
Southern cypress | 1.8 4.3 


'Second period fourth plus fifth year. 
First period second plus third year. 


Growth in individual plots for the second period 
is closely correlated with growth the first period 
(Table 6). 
tance. It means that a measurement of height 
growth at the end of the third year 


indicative of site influence as a growth measurement 


This has considerable practical impor- 
is just about as 


at five years. Correlations of heights at the third 
and fifth years would be even higher than those in 
Table 6 because fifth-vear heights are made up, in 
part, of third-year heights. 
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TABLE 6. Correlation between first-period! and _ see- 
ond-period height growth of individual plantations. 








Species Number of | Correlation — Meangrowth 
plantations _coeffici cient first-period |second-period 
, } Feet Feet 
Shortleaf pine , 86 .84* 2.22 3.73 
Shortleaf pine, omitting 
plantations on shale 
ae Am 74 .70* | 2.38 3.93 
White pine 78 .81* 1.26 2.85 
Yellow poplar, wet-year | 
plantings. 64 .78* 1.12 2.10 
Yellow poplar, dry-year 
plantings.. .. 82 .74* 0.68 2.29 
Wete@eh, .5...5.+. 87 .68* 0.51 1.28 














1First period — second plus third year. 
Second period — fourth plus fifth year. 
*Highly significant, 1 percent level. 


GROWTH OF PLANTATIONS IN RELATION TO SOIL-SITE 
FAacToRS AND VEGETATION 


The great range in growth between species and on 
different soil type-aspeet site classes shows a broad 
but definite relation between growth and soil-site eon- 
ditions (Table 3). It is apparent at onee that short- 
leaf pine, white pine, and yellow poplar are out- 
standing species, that growth has been better on 
dolomite than on limestone soils, that shale north 
slopes have given the best hardwood growth, and that 
limestone north aspects are generally superior to 
south for the hardwoods and white pine. As already 
mentioned, statistical analyses of white pine and yel- 
low poplar growth showed highly significant differ- 
ences between limestone and dolomite soils. Growth 
differences on shale soil were even more definite. On 
limestone and dolomite soils aspect differences were 
highly significant for white pine but not yellow pop- 
lar. Aspect differences on shale soils were very 
marked. 





Fic. 4. Very dense, high vegetation on a north shale 
slope. Pole with white cloth is 5 feet tall. This cover 
is mainly blackberry, crownbeard, and aster, and came 
in almost immediately after abandonment. Planted yel- 
low poplar was able to compete with this vegetation. 
The soil is relatively friable down to the C horizon. 
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The poor growth of pines on the very steep (40 
to 80 percent) northerly shale aspects was caused by 
excessive vegetative competition of briars and tall 
dense weeds (Figure 4). The south slopes, on the 
other hand, because of extreme steepness were very 
dry and only shortleaf pine or Virginia pine should 
be planted. The limestone areas had a considerably 
higher proportion of soils with a dense, stiff subsoil 
consistency than dolomite, and, as will be shown 
later, this is related to plantation growth. 

Vegetation successional stages found on the old 
field sites were described under the section, “Deserip- 
tion of Study Area.” The rapidity of the succession 
from pioneer to late stages depends upon the quality 
of the site (Fig. 5). On very good sites a field may 
go into blackberry almost immediately after aban- 
donment. On the poorest sites blackberry would not 
appear and 7 or 8 years would be required for 
broomsedge to become established. It was found on 
the scores of old field sites in this study that vegeta- 
tion stage was partially related to soil consistency 
because, in general, the fields were abandoned about 
the same time and the rapidity of the succession was 
a measure of site quality. Of the vegetation stage 1 
sites 34 percent had stiff, compact B horizon soils, 
but only 9 percent of the vegetation stage 2 and 3 
Of all sites with a stiff 
B horizon consistency, 79 percent had stage 1 vege- 


sites had stiff B horizons. 


tation while on plastic soils the figure was 39 percent. 
As shown later, the natural vegetation gradually im- 
proves the site, especially for sensitive species like 
yellow poplar. 














Fie. 5. Blackberry and sassafras replacing broom- 
sedge on a site abandoned about 7 years. This is a 
southwest slope on a very cherty Fullerton silt loam. 
The B horizon is friable or moderately plastic with good 
porosity and permeability. Shortleaf pine, white pine, 
and yellow poplar made good growth, and white ash and 
black walnut fair growth on this site. 


The relations between plantation growth and soil 
factors and vegetation will be discussed separately 
for each species. 
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SHORTLEAF PINE 

Except for high mortality and poor growth on 
such heavily vegetated sites as shown in Figure 4, 
shortleaf pine at the end of the third and fifth years 
showed little or no growth response to site factors. 
There is no consistent relation to aspect shown in 
Table 3. The better growth on south shale slopes 
and probably on the south dolomite slopes, as eom- 
pared to the northerly aspects, was due to less vege- 
tative competition. Growth on the south slope lime- 
stone sites was poorer than on north slopes and in 
this respect shortleaf pine is consistent with all other 
species. Depth of top soil and consistency of the 
upper B horizon had little effeet on growth through 
the fifth year (Table 7). There was only a very 
slight response to the vegetation stage at time of 
planting (Table 8). 


TABLE 7. Growth of shortleaf pine as related to soil.1 





Consistency of Soil B Horizon 


| 
| Friable | 








Plastic Stiff 
Mean depth soil A hori- | | 
zon; inches. . . . | 11.3 9.0 6.9 
Average growth of plan- | 
6.2 (3)2 6.4 (58) 6.1 (13) 


tations; feet...... 





1The 12 plantations on shale soils are omitted. 
_ 2Figures in parentheses are the number of approximately 14-acre plantations 
included in the means. 


TABLE 8. 
tation stage.1 


irowth of shortleaf pine as related to vege- 





Average depth of 


Vegetation stage Average Growth Soil A horizon 











Feet Inches 

i - -.gieadats bewces 6.1 (35)2 6.9 

MD. Bcesucvaoence 6.4 (22) 8.1 

- eee ane tee | 6.5 (10) 7.2 
BI vy cncaci-ewsavic 6.5 (7) 9.1 





1The 12 plantations on shale soils are omitted. , 
_ _2Figures in parentheses are the number of approximately 14-acre plantations 
included in the means. 


Shortleaf pine seems to have the ability to “take 
hold” on nearly any old field site and make satisfae- 
tory initial growth. Figures 6, 7, and 13 show how 
it compares with black walnut, northern red, oak, 
white pine, and yellow poplar on poor sites charae- 
terized by a relatively 
It is 
of site discrimination 

life of the plantations. 


shallow top soil and a stiff, 
dense B horizon. not suggested that this lack 
will continue throughout the 
Differences will undoubtedly 
20th vear 


Shortleaf pine will, however, 


begin to appear by the and the end-results 
may be quite different. 
make an excellent initial cover on poor sites and 
function as a pioneer tree species in any program 
of land rehabilitation. On the majority of sites it 


should produce pulpwood and sawlogs. 
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Fic. 6, Successful shortleaf pine plantations and 
failed northern red oak and black walnut. In the right 
background the shortleaf pine has been planted 6 years 
and, to the left, 7 years. Both to the right and left of 
the post in center are portions of oak and walnut plots 
6 and 7 years after seeding. The soil is Talbot silty 
clay loam with 5 inches of a slightly plastic A horizon 
and a stiff compact B horizon. The site previous to 
planting was under almost continuous cultivation and 
rather heavy erosion had occurred. Note that approxi- 
mately 9 years after abandonment broomsedge is still 
sparse. Only red cedar, shortleaf pine, or Virginia pine 
could be successfully planted. 


EASTERN WHITE PINE 

White pine plantations had less growth on soils 
with shallower top soil, stiffer and more dense soil 
B horizons, and on sites with stage 1 vegetation. 
Sites with less than 6 inches top soil and a stiff B 
horizon were particularly poor white pine sites. 
(Fig. 7). In Table 9, the differences in tree growth 
between plastic and stiff soils and between the shal- 
lower and deeper soils are statistically significant at 
the high (1 percent) level. Table 9 also shows the 
relatively greater effect of a shallow top soil on 
growth when the B horizon has a stiff consistency. 





Fic. 7. A poor white pine plantation in foreground 
and a relatively successful shortleaf pine plantation just 
back of it, both 7 years after plauting. The pole in 
center is 6 feet tall. The soil is typical of shallow 
limestone soils with frequent rock outcrop. It is Talbot 
silty clay or clay loam with 2-3 inches of sticky A hori- 
zon and a dense stiff B horizon with very poor porosity 
and permeability. Four-year growth for white pine was 
2.0 feet and for shortleaf 5.6 feet. The shortleaf pine 
will make pulpwood and perhaps small logs but, at pres- 
ent, this ‘s a red cedar site. 
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The more friable and porous the B soil horizon, the 
less importance should be attached to the depth of 
the A horizon. For soils with a very stiff B horizon, 
roots are mostly restricted to the top soil and it con- 
stitutes the chief space for absorption of moisture 
and nutrients. 


TABLE 9. Growth of white pine as related to soil.1 





| 
| Average growth 


Depth of A horizon 
B horizon stiff 





| 
| 
| B horizon plastic 
| 
| 


Feet Feet 
Under 6 inches................ 4.4 (14)2 2.9 (6) 
6 inches and over.............. | 4.7 (33) 3.9 (6) 





1The 12 plantations on shale soils are omitted. __ , 
_ .2Figures in parentheses are the numbers of approximately 4-acre plantations 
included in the means. 


The effect of soil consistency on white pine growth 
is further shown in Table 10 and that of vegetation 
state in Table 11. The difference between growth on 
stage 1 sites and combined stage 2 and 3 sites is sta- 
tistically significant at a high level. This effect of 
vegetation stage is chiefly due to the correlation be- 
tween site quality and rapidity of old field succession, 
as already discussed. 


TABLE 10. Growth of white pine as related to soil 
consistency.1 





Consistency of soil B horizon 


Friable Plastic Stiff 





Average depth of soil A | 

horizon; inches... . 8.0 6.7 6.5 
Average growth of plan- 

tations; feet........ 4.6 (4)2 4.6 (47) 3.4 (12) 








1The 12 plantations on shale soils are omitted. ; : 
2Figures in parentheses are the numbers of approximately 44-acre plantations 
included in the means. 


TABLE 11. Growth of white pine as related to vege- 
tation stage.1 








Vegetation stage | Average growth Depth of A horizon 
Feet | Inches 
OS tiotah leh 4.0 (25)2 | 6.8 
2 | 4.5 (25) 7.4 
3 4.7 (11) 6.5 
Crabgrass....... 4.4 (3) | 8.2 


1The 12 plantations on shale soil are omitted. 
_ 2Figures in parentheses are the numbers of approximately 14-acre plantations 
includea in the means. 


White pine had consistently better growth on 
northerly aspects and because of the less dense sub- 
soils, dolomite areas were superior to limestone 
(Table 3). The poor success on shale soils was 
caused by the very dense vegetation (Fig. 4) on the 
north slopes, and by severe xerie conditions on the 
steep south slopes. White pine will tolerate heavier 
competition than shortleaf pine and only the densest 






























































Fig. 8. 
son after planting. This vegetative competition of 
chiefly sassafras, blackberry, persimmon, and smilax is 
not too dense for white pine or hardwood planting. By 
the end of the sixth year the white pine overtopped its 
competition. The site is a northeast slope with Fuller- 
ton cherty silt loam. The friable A horizon is 7 inches 
deep and the B horizon is only moderately plastic with 
favorable porosity and permeability. This site was aban- 
doned from cultivation 2 before planting and 
passed from the weed stage to blackberry and sassafras 


years 


in 2 years. 


cover failure. Figure 8 group of 
planted white pine during the fourth season after 
planting. 
the sixth year most of the pine had overtopped this 
competition. 


-auses shows a 


The cover is moderately heavy but by 


The contrast in growth between white pine on poor 


and good sites is shown in Figures 7 and 9. Both 
plantations are shown 7 years after planting. The 


trees in the plantation shown in Figure 7 grew 2.0 





Fig. 9. 
7 years after planting on a northeast sloping old field 


Portion of a suecessful white pine plantation 


Soil is Fullerton 
silt loam with 8 inches of top soil and a B horizon only 
moderately plastic with adequate porosity and perme- 
ability. While under cultivation was moderate 
to heavy but this was quickly arrested by broomsedge. 


abandoned 3 years before planting. 


erosion 





Leon S. MiIncKLER 


Planted white pine in July of the fourth sea- 
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feet from the end of the first to the end of the fifth 
year and had 66 percent survival the fifth year. The 
Figure 9 plantation grew 5.3 feet and had 99 per- 
cent survival. The many other white pine planta- 
tions are located on sites poorer, better, and inter- 
mediate in relation to the two shown. 


YELLOW POPLAR p 
Yellow poplar made the best growth on the heavily 
vegetated shale northerly slopes (Fig. 10) and the 
next best on dolomite soils (Table 3). The relatively 
favorable showing on dolomite south aspects is due 
to several excellent plantations on long abandoned 
sites with a loose, porous upper B horizon. The 
limestone soils, in general, were too stiff and dense 
for good yellow poplar growth. On the steep, south- 

shale slopes plantations were a virtual failure. 





Fig. 10. 
season after planting. 
slope with a heavy vegetative cover. 
tall. 
competition. 
friable top soil and a friable subsoil. 


Planted yellow poplar in July of the fourth 
Site is a steep northeast shale 
The pole is 8 feet 
The trees have completely emerged from the heavy 
The soil is Montevallo with 8 inches of a 


Growth of yellow poplar was affected by soil and 
vegetation factors considerably more than white pine. 
Growth on plastic soils was 75 pereent better and on 
friable soils over twice as great as on soils with a 
stiff B horizon (Table 12). Growth was 35 percent 
better on second-and third-stage vegetation sites than 
on first-stage sites. On erabgrass sites it was 60 per- 
better (Table 13). This apparent indicator 
value of dense stands of dominant crabgrass is in- 
teresting. 


cent 


It is a first stage species but sites where 
it occurred as a dominant later proved to be unusu- 
ally good for white pine and hardwoods. 

Part of the relation between growth and vegetation 
stage can be aseribed to the correlation between the 
latter and B horizon consistency, as already men- 
tioned. Thirty-two percent of vegetation stage 1 
sites planted to yellow poplar had stiff B horizons 
while only 15 percent of stage 2 and 3 sites had this 
character. However, Table 14 shows that there is a 
definite difference even within a soil consistency class 
on sites with the shallower top soils. It is also note- 
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TABLE 12. Growth of yellow poplar as related to soil 
consistency. 





Consistency of soil B horizon 








Friable Plastic Stiff 
Average depth of soil A 
horizon; inches...... 7.3 7.0 7.0 
Average growth of plan- 
tations; feet....... 4.3 (6)! 3.5 (95)2 2.0 (33) 








1Figures in parentheses are the mean of approximately '4-acre plantations 
included in the means. 

20f these 95 plantations the 40 on stage 1 sites grew 3.1 feet, the 47 on stage 2 
and 3 sites grew 3.7 feet, and the 8 on crabgrass sites grew 4.2 feet. 


TABLE 13. Growth of yellow poplar as related to 
vegetation stage. 








Vegetation stage | Average growth Depth of soil A horizon 
| Feet Inches 
1 BAe autapeies 2.6 (68)! 6.7 
Wi A priceaieeaces 3.5 (42) 6.8 
3 anee wens : 3.5 (19) 7.4 
eee | 4.2 (8) 8.0 








_ Figures in parentheses are the number of approximately 14-acre plantations 
included in the means. 


worthy that on the sites with a plastic B horizon and 
stage 2 or 3 vegetation the depth of top soil is in- 
effective. As already explained, the term plastic is 
relative and includes a rather wide range of e¢on- 
sistency. Studies in the fall of 1944 on selected plan- 
tations showed that the most successful yellow poplar 
plantations were on sites with a relatively loose po- 
rous B horizon, as compared with a greater plasticity 
and stickiness of soils under the poorer plantations. 
(At the time of the original soil examinations before 
planting all the above selected sites had been arbi- 
trarily classed as plastic.) In Table 14 the stage 2 
and 3 sites undoubtedly had a relatively more friable 
upper B horizon than the stage 1 sites. The same 
thing probably accounts for the greater growth 
shown in Table 14 on the shallower top soils for 
tage 2 and 3 sites. Very badly needed is an aceu- 
rate, easily applied method of measuring the con- 
sistency index of soils. This would be a measure of 
the porosity-aeration-permeability complex. 

Of the 9 possible comparisons of differences in 
Table 14 all are statistically significant except two. 
One of those lacking significance is the difference 


Ss 


TABLE 14. Growth of yellow poplar as related to vege- 
tation stage and soil. 





Average growth 


Depth of A horizon Plastic B horizon | Plastic B horizon 


Stiff B horizon and vegetation and vegetation 





stage 1 stages 2 and 3 
? Feet Feet Feet 
Under 6 inches 1.6 (19)? 2.7 (11 4.2 (16)2 
6 inches and over 2.5 (14 3.3 (28) 3.3 (32 





_ Figures in parentheses are the number of approximately 44-acre plantations 
included in the means. 

?Eight of these plantations were on sites abandoned from cultivation 10 to 15 
years at time of planting. 
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between 2.7 and 3.3. The other is the obvious one 
of identical 3.3 values. The differences between the 
following pairs of values in Table 14 are highly sig- 
nificant: 1.6 and 2.7, 1.6 and 4.2, 2.7 and 4.2. The 
following pairs are significant at the 5 percent level: 
1.6 and 2.5, 4.2 and 3.3, 2.5 and 3.3, 2.5 and 3.3. 

There is considerable evidence that site quality 
gradually improves on areas with late stage vegeta- 
tion and the consequent arresting of erosion and an- 
nual deposition of litter. This is brought about by 
increased soil flocculation, and biological activity 
which in turn increases porosity and permeability. 
It was evident soon after planting that certain yellow 
poplar plantations were growing far faster than 
could be explained by the ordinary site data. The 
site in question had been abandoned 12 to 15 years at 
time of planting while the adjacent fields were re- 
cently abandoned and still in stage 1, the early weed 
stage. Six vellow poplar plantations on the long- 
abandoned field made an average growth of 5.4 feet 
from the end of the first to the end of the fifth years. 
(See Table 14. All 6 are included in the 16 planta- 
tions with mean growth of 4.2 feet.) On adjoining 
fields 6 plantations grew 2.4 feet. Figure 11 shows 
the striking difference in these plantations after 7 
years. This does not mean, of course, that all sites 
would improve at the same rate, or to the same ex- 
tent. The character of the soil profile itself would 
determine how fast and how far any such improve- 
ment would go. 





Fig. 11. Two plantings of yellow poplar showing 
effect of past land use on growth of trees. Yellow pop- 
lar on near side of rail fence grew 2.0 feet in 4 years 
while trees beyond fence grew 6.4 feet. The field beyond 
the fence had been abandoned about 12 years and the 
near field 2 years at time of planting. On the long aban- 
doned field erosion has been arrested 8 to 10 years, soil 
flocculation, litter deposition, and biological activity 
gradually increased the porosity and permeability of this 
site. This process is very much slower on soils with a 
stiff compact consistency. 


Figures 12 and 13 show checkerboard mixtures of 
yellow poplar and shortleaf pine on a good and poor 
site 7 years after planting. Growth of shortleaf pine 
is about the same on both sites but the difference in 











Fig. 12. A 9-tree group checkerboard mixture of yel- 
low poplar and shortleaf pine, 7 years after planting. 
This plantation is on a site where growth of yellow pop- 
lar will equal or exceed that of shortleaf pine. (Compare 
Fig. 13.) The old field site is a gentle north slope with 
a Fullerton silt loam. The friable top soil is 8 inches 
deep and the B horizon is loose and friable. Pole by 
tree in left foreground is 6 feet tall. 





Fie. 13. 


A 9-tree group checkerboard mixture of yel- 
low poplar and shortleaf pine, 7 years after planting. 
This plantation is on a site where growth of yellow pop- 
lar is much inferior to that of shortleaf pine. (Compare 
Fig. 12.) The old field is a very gentle north slope with 
Talbot silty clay, or clay loam. The top soil is 5 to 6 
inches deep and the B horizon has a stiff consistency 
with low porosity and permeability. The pole by tree 
in center is 6 fect tall. 


yellow poplar growth has determined the sueceess or 
failure of the mixture. The figure descriptions show 
that site differences are distinct and recognizable. 

If an average initial height growth of 3 feet in 4 
years is taken as the minimum acceptable yellow pop- 
lar plantation, the following points ean be made: 

1. Out of 33 plantations on stiff B horizon soils, 
only 4 reached the minimum. These 4 had much 
deeper than average top-soil depths. 

2. Out of 87 plantations on plastie B horizon soils, 
47 grew 3 feet or more. Of these 47, 30 were on 
stage 2 and 3 sites and 17 on stage 1 sites. 

3. Of the above 30 plantations on stage 2 and 3 
sites, 12 had top-soil depths under 6 inches. Of the 
17 stage 1 plantations, only 3 had top soils under 
6 inches. 


S. MinckK.Ler 
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It is apparent from the above that yellow poplar 
should not be planted on soils with a stiff or strongly 
plastic B horizon unless the top soil is unusually 
deep. <A site with a medium to deep top soil, a 
relatively permeable B horizon, and stage 2 or 3 
vegetation is likely to give satisfactory results. Veg- 
etation stage, if year of abandonment is known, is a 
useful site index and stage 1 sites should be avoided 
unless abandoned within 2 
observations show the site to be otherwise suitable. 
Vegetation density is indicative of site quality and 


or 3 years and profile 


dominant crabgrass usually means a superior site. 
BLACK WALNUT 

Black walnut was the most sensitive to site of any 
species planted. It will succeed only on the best 
“vellow poplar” sites, and will not grow as fast as 
yellow poplar on any sites. It is folly to plant or 
seed it on ordinary old fields with a medium depth 
top soil and a stiff or plastie B horizon. Figure 6 
shows the complete failure of walnut on such a site 
as compared with shortleaf pine, and Figure 14 
shows the marked variation in growth almost from 
milacre to milaere. 





Fig. 14. 
fourth 
sites. 


Direct-seeded black walnut in July of the 
season after planting on two distinctly different 
The small walnut trees in foreground are on 
eroded soil with 4 inches of top soil and a stiff compact 
B horizon. The white ruler beside the small walnut is 
1 foot high. The tall walnuts by the 8 foot pole in the 
background are in an old sink hole with over 40 inches 
of friable A horizon material. 


Of 108 walnut plantations, 23 were complete fail- 
ures chiefly because of rodent action and poor site. 
Of the remaining 85, only 22 made an average 
growth of 1.5 feet in the 4 years. From the stand- 
point of growth, it is considered that these 22 have 
about an even chance of developing into reasonably 
successful plantations; certainly the other 63 do not. 
Only the walnut sites as described. in the Planting 
Chart would grow really successful walnut planta- 
tions. Superiority of the 22 “successful” plantations 
was due to a combination of causes as explained in 
Table 15. 
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TaBLE 15. Faetors affecting suecess of black walnut. 








22 successful 63 unsuccessful 
plantations plantations 
Average height growth, feet... .. ‘ - 23 0.8 
Number live trees per acre... . ies 427 263 
Average depth soil A horizon, inches ore 8.5 7.0 
Average number years since abandonment 4 3 
Stage 2 and 3 sites, percent........ 90 48 
Sites with friable B horizon, percent 36 8 
Sites with plastic B horizon, percent . . ; 59 76 
Sites with stiff B horizon, percent......... 5! 16 











Represents one plantation with an A horizon 18 inches deep. 


WHITE ASH 

White ash responds to site in much the same way 
as yellow poplar but, except on shale soils, grew only 
about half as much as that species in the first 5 years 
(Table 3). White ash growth on the “excellent” 
yellow poplar sites in the Planting Chart would make 
about the same growth as yellow poplar on its “satis- 
factory” sites. Of the 60 ash plantations, only 23 
made an average growth of 2 feet in the 4 years. 
Three-fourths of these had top-soil depths of 6 inches 
or more. The response of ash to soil type, aspect, 
soil, and vegetation is given in Tables 3 and 16. 


TABLE 16, Growth response of white ash to soil and 
vegetation. 





Soil and vegetation conditions Average growth 








Feet 
Vegetation stage 1..... 5 sah be Te 1.4 (37)! 
Vegetation stages 2 and 3 ee 2.0 (41) 
Shale soils only (vegetation stages 2 and 3)... . 2.3 (12) 
Crabgrass. . . : at oe seats 2.3 (8) 
Friable B horizon (all are vegetation stages 2 and 3).. . 2.9 (10) 
Plastic B horizon (vegetation stages 2 and 3)....... 2.0 (37) 
Plastic B horizon (vegetation stage 1) 1.5 (23) 
Stiff B horizon (14 are vegetation stage 1). 1.2 (17) 





_ ‘Figures in parentheses are the number of anproximately 44-acre plantations 
included in the means. 


Considering the four values at the bottom of Table 
16, five of the six possible differences are statistically 
significant. That between 1.5 and 1.2 is not signifi- 
eant. The following pairs have highly significant 
differences: 2.9 and 2.0, 2.9 and 1.5, 2.9 and 1.2, 2.0 
and 1.2. The difference between 2.0 and 1.5 is sig- 
nificant at the 5-pereent levels. 

A typical example of good and poor white ash 
sites is shown by two plantations on Fullerton soil, 
both with about 8 inches of top soil at time of plant- 
ing. Growth on one site was 4.3 feet and on the 
other 0.9. Both had late stage vegetation before 
planting but the good site had considerable erabgrass 
in mixture with the later stage species. The poorer 
site was in broomsedge. After seven years this site 
was still in broomsedge while the good site (aside 
from ash) had a cover of broomsedge and blackberry. 
A soil-pit examination on the two sites after seven 
years revealed the following: The good site had a 
relatively loose, friable B Morizon with excellent po- 
rosity, litter, and biological activity. The poor site 
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had a more plastic upper B horizon with only fair 
porosity, litter, and biological activity (on a scale of 
poor, fair, good, and excellent). The upper or Bi 
horizon was only about 4 inches thick and merged 
into a stiff Bz at about 12 inches. 

SWEET GUM 

Next to oak and black walnut, sweet gum suffered 
the most serious damage from rodents. By the end 
of the fifth year, survival was less than 50 percent 
(Table 3) and damage was still continuing into the 
seventh year. Growth was somewhat better, except 
on north dolomite sites, than that of white ash but 
much less than yellow poplar (Table 3). By the end 
of the fifth year only 9 out of the 40 gum plantations 
had a growth of 2 feet and at least 60-percent sur- 
vival. Field observations indicate that by the sev- 
enth year this number was even further reduced. 
This species should certainly not be planted on old 
field broomsedge sites infested with rodents. 

The response of growth to site is similar to that 
of yellow poplar and white ash, although it grows 
somewhat better than white ash on southerly aspects 
and on the heavier limestone soils. The 16 planta- 
tions on vegetation stage 2 and 3 sites grew 2.5 feet 
as compared with 2.0 feet for stage 1 sites, both had 
plastic B horizon soils. The nine plantations on 
stiff B horizon sites grew only 1.5 feet. A typical 
comparison of a good and poor gum plantation ean 
be given. Both had top soil of 5 to 6 inches but one 
grew 4.0 feet in four years and the other grew 0.6 
feet. The “good” site had a very friable gravelly 
top soil and a very loose and friable upper B hori- 
zon. Porosity was therefore favorable and biological 
activity was plainly evident. Blackberry was mixed 
with the broomsedge. The poor site had a slightly 
plastic A horizon, a plastic upper B horizon, porosity 
was poor, biological activity was less evident, and 
the cover was very poor broomsedge. 

SOUTHERN CYPRESS 

The southern cypress plantations constituted a 
very minor part of the experiments and proved to be 
a failure, although survival was fair (Table 3). None 
of the 20 plantings made a growth of 2 feet in the 
4-year period and only 4 grew over 1 foot in that 
period. The species should not be considered for 
planting on upland old-field sites. 


BLACK LOCUST 


Black locust was planted in mixture with other 
species to test its effect as a soil improver but at the 
fifth-year examination no effect was yet apparent. 
Locust suffered from rodents oniy slightly less than 
sweet gum and many plantings were complete fail- 
ures due to this cause. The average survival was 
low (Table 3); only 21 out of the 40 plantings had 
60-pereent survival or more. It should not be planted 
in heavy sedge cover or on other sites where mice are 
plentiful. 

Response to site factors was very much like that 
of yellow poplar. On a good “yellow poplar” site it 
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will, at least in early years, outgrow either that spe- 
cies or the pines. On all except the best sites, form 
is likely to be poor and there is some question as to 
whether the locust on the “satisfactory” yellow pop- 
lar (see Planting Chart), in spite of good 
height growth, will have satisfactory form. On typi- 
cal broomsedge old fields with a medium depth top 
soil and a plastie or stiff B horizon, shortleaf pine is 
very much superior to locust in both survival and 
growth. Black locust should be planted as a 


sites 


spe- 


cialty crop on sites selected with 
loose friable consistency of the A 


special care for a 
and B horizons. 





Fie. 15. Black locust mixed with shortleaf pine, 6 
years after planting. This is a good black locust site 
and it is outgrowing the shortleaf pine. (Compare 
Fig. 16.) The old field site is a moderate northeast 
slope abandoned 2 years before planting. Soil is a Ful- 
lerton fine sandy loam with 8 to 10 inches of a loose 
and friable A horizon and a friable B horizon with 
excellent porosity, permeability, and biological activity. 
Pole in center is 6 feet tall. 





Fic. 
years after planting. 


16. Black locust mixed with shortleaf pine, 7 
poor locust site and 
shortleaf pine is greatly superior in both growth and 
survival. (Compare Fig. 15.) Old field site is a mod- 
erate southeast slope abandoned 2 or 3 years before 
planting. Soil is Fullerton fine sandy loam with 6 inches 
of A horizon and a plastic, rather sticky B horizon. 
Porosity and permeability are only fair. The site is of 
about average quality for dolomite soils but not good 
enough for black locust, yellow poplar, or black walnut. 


This is a 
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Typical examples of good and only fair locust 
success is shown in Figures 15 and 16. The loeust 
in Figure 15 grew 11.0 feet in 4 years, considerably 
outgrowing the shortleaf pine. The locust in Figure 
16 grew 3.1 feet in the same period and has very 
poor form. The shortleaf pine grew about the same 
on both sites. 


OAK DIRECT SEEDING 

By the end of the fifth year the northern red oak 
direct-seeded plantations were failures (Table 3). Of 
124 plantings on dolomite and limestone soils only 3 
had a survival of 30 percent or more and the use of 
oak in mixtures was a complete failure (Fig. 17). 
Survival of the 12 plantations on shale soil was 
much better but still very low. Several of these on 
northerly slopes will probably have a seattering of 
successful oak trees. 


~ 





i. 2 


Fig. 
white pine and direct-seeded northern red oak 7 
after planting. 
oak by the blank squares, one in the foreground and one 


checkerboard mixture of 
7 years 
View shows the complete failure of the 


9-tree group 


just beyond and to the right of the 6 foot pole. Severe 
rodent destruction and very poor growth caused failure 
of the oak. 


Not only survival but also growth of northern red 
oak has been very poor (Table 3). Figure 18 shows 
2 typical seedlings in late July of the fourth season 
on a better than average site. Growth is negligible 
and each year the leaves become smaller. Only on 
sites with a loose friable B horizon has oak made 
appreciable growth in the first five years. At about 
the fifth year the few scattered seedlings, even on 
some of the poorer sites, began to make slow height 
growth. Some of these trees may persist but will 
hardly make up a significant part of any ultimate 
stand. 

Results of another experiment with 6 species of 
oak are given in Table 17. Beeause of the obvious 
failure of oak planting in general, these plots were 
not reexamined the fifth year. Heavy mortality con- 
tinued the fourth and fifth years. 

Almost the sole cause of oak mortality was ro- 
dents, mostly various species of mice. On the ma- 
jority of the old-field sites, much mortality would 
have eventually occurred from site deficiency. In 
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Fig. 18. Two typical northern red oak seedlings in 
July of the fourth growing season. These seedlings 
have made no appreciable growth since food from seed 
was exhausted. The small leaves are characteristic of 
oak direct seeded on usual old field sites and they tend 
to become smaller each year, indicating progressive 
starvation. The site is a better-than-average old field 
where white pine grew 4.8 and yellow poplar 4.6 feet in 
four years. The white ruler is 1 foot long. 


most cases, however, rodents ate the fleshy roots of 
the seedlings before any site factor had a chance to 
operate. Germination of the seeded oaks was very 
good and survival the first autumn was also good. 


TABLE 17. Third-year results with direct-seeded oaks.1 











F | : 
1938 Plantings 1939 Plantings 
~ Survival | Height — i ‘Survival | Height 
Percent Feet | Percent | Feet 
Northern red oak... . 53.4 0.5 37.6 | 0.5 
ae 25.8 0.3 | 26.9 0.4 
ae 47.2 0.3 | 37.1 0.4 
Southern red oak. ..... 35.5 0.3 | 28.4 | 0.3 
Chestnut oak......... 66.92 0.92 | 39.1 | 0.5 
Burroak.............] 65.02 0.62 | 42.1 | 0.4 
| | 








1Each value in table is a mean of nine 1/10-acre plantations. 
2Plots established by 1-0 seedlings. The mean growth of the chestnut oak 
for two years was 0.12 feet and for burr oak 0.24 feet. 


Most of the rodent destruction started the second 
year and continued until practically no seedlings re- 
mained. Table 18 presents a vivid picture of the 
decline of the 136 northern red oak plantations. As 


TABLE 18. Success of northern red oak direct-seeded 
plantations, 





Number of plantations in each class 








Survival | Germination | 
class jeount; June Ist} First fall | Third year Fifth year 
| season | examination | examination | examination 
Percent a 
__ ee 21 27 80 131 
| 42 53 51 | 5 
65-100........ 73 56 5 | 0 
| 
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shown by Table 17, the other species of oak were 
as poor or poorer than northern red. 
MIXTURES 

The results from the many experimental plots have 
led to the following conclusions regarding mixtures: 

1. The checkerboard arrangement is feasible and 
superior to row by row mixtures. In the present 
study the mixtures were by 9-tree squares (Figs. 12 
& 19) but 16- or 25-tree squares might be superior 
or equally as desirable. The checkerboard arrange- 
ment prevents early overtopping of slow starting 
species and results in a more natural stand. 

2. A given mixture, to be successful, must be 
planted on a site where the growth rate of the com- 
ponent species will be about the same (Fig. 12). The 
plantation mixture in Figure 13 is a failure because 
the yellow poplar cannot compete with short-leaf 
pine on that site. In Figure 19 the yellow poplar is 
taller than the white pine but the current growth 
rate of the species is about the same and this should 
be a successful mixture. Slow growth for the first 
two or three years is characteristic of white pine. 





Fig. 19. A 9-tree group checkerboard mixture of white 
pine and yellow poplar 7 years after planting on a site 
where yellow poplar is slightly outgrowing white pine. 
Site is an uneroded, nearly level but well-drained old 
field. Soil is Talbot silty clay loam with 6 to 8 inches 
of dark brown friable A horizon. The B horizon is plas- 
tie but not stiff and porosity and permeability are fair. 
Biological activity in the A and upper B horizon is 
plentiful. If excessively cultivated and eroded this 
rather heavy Talbot soil would become compact and un- 
suitable for white pine or hardwoods. This should be 
a successful mixture as the current growth of white pine 
about equals that of yellow poplar. Pole by tree at 
right is 6 feet tall. 


3. All mixtures including oak as one of the species 
were failures (Fig. 17). The alternate species, in 
most cases, will form a checkerboard stand and it 
will be interesting to see how the stand develops in 
comparison with fully planted plantations. Because 
of erratic survival and slow initial growth direct- 
seeded species should not usually be mixed with 
planted species. 

4. Nearly all mixtures with black walnut were fail- 
ures. This was due to generally poor survival and 
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sites unsuitable for this exacting species. However, 
on black walnut and excellent yellow poplar sites 
(See Planting Chart), 
cessfully mixed. Instead of an equal mixture, two 
parts yellow poplar to one part walnut is preferable. 
The use of nuts is usually the cheapest and best way 
to establish walnut but seed should be stratified sev- 
eral months before planting and at least two nuts 
planted per spot. On real walnut sites it will usually 
avoid overtopping by yellow poplar, 
planted in 16-tree squares. Although not tried in the 
experiments, walnut and white ash on a walnut site 
should also make a successful mixture. 


these two species can be suc- 


especially if 


5. Beeause of excessive rodent damage to sweet 
gum, most mixtures of this species with vellow pop- 
lar were failures. Growth of gum was also much in- 
ferior to yellow poplar. 

6. Although not tried in the original experiments, 
mixtures of white pine and shortleaf pine on mod- 
erately good to excellent white pine sites were estab- 
lished on a 720-acre planting (Minckler, 1944) and 
promise to be suecessful. Figure 7 shows what 
should be expected of this mixture on a poor white 
pine site. 

Mixtures recommended and their site requirements 
are given in the Planting Chart. In general, mix- 
tures are preferable to pure plantings. Advantages 
may include better growth, higher quality of timber, 
reduced loss from disease or insects, greater improve- 
ment of site, and a better chance of successfully re- 
producing the forest. 


INTERPLANTINGS 


Interplanting and reinforcement planting for the 
rehabilitation of misused, understocked, and non-re- 
producing forest land is a very big subject and one 
to which too little attention has been given. The 
present small experiment in understocked pole-sized 
shortleaf pine is only indicative. The interplanting 
of sassafras has given rather definite results. 

The shortleaf pine interplanting on old-field stands 
was made with seven species replicated three times. 
Shortleaf pine, white pine, and yellow-poplar had 
satisfactory survival and growth. Three species of 
oak were failures (white oak established with 1-0 
seedlings grew 0.3 feet in four years). Black locust 


had very poor survival and poor form. —Interplant- 
ing of young understocked shortleaf pine stands 


should be governed by the same soil-site requirements 
already discussed and set forth in the Planting Chart. 
Any opening the diameter of which is at least twice 
the height of the nearby trees should usually be 
planted. Of the three species mentioned, yellow pop- 
lar is the most shade tolerant, white pine interme- 


diate, and shortleaf pine the least. 

The interplanting and underplanting of ten species 
in young sassafras stands showed that shortleaf pine, 
white pine, and yellow poplar were the most success- 
ful species (Table 19) and that soil-site conditions 
were more important than sassafras cover in deter- 
mining 


success. Apparently young, medium dense 
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stands of sassafras five to eight feet in height are 
not detrimental to plantations of fast growing species 
adapted to the site (Fig. 8). Sassafras is known as 
a soil improver and this together with its moderate 
shade probably makes it beneficial rather than harm- 
ful to yellow poplar and white pine. This is borne 
out by the fact that sassafras is one component of 
stage 2 and 3 vegetation. Shortleaf pine should not 
be planted in the densest sassafras. 


TABLE 19. Survival and growth of trees interplanted 
in young sassafras stands. 











's | | Ex | ls | | 
Belz elSSizls leis 8.18 lZs 
fea poeta AEE: 
Average survival 5th year; 7 1 a mis 5 | ‘e x 
percent : |86.5/89. 0) 72.9)43. 8165. 6) 9. D.4 71. fon. 5/54. 2| 35.2 














Average height growth i in a4 cia | 


years; feet. . . | 


| | 
3.0) “i 0.4) 0, os 1.0] 1.5) 3.8 
| | 


1Each value in table based on 3 plots of 32 trees each. ; , 
2Direct-seeded. White and chestnut oaks were established with 1-0 seedlings. 


5.5) 4.7 











A factorial experiment established to determine the 
effect on planted trees of cutting competing sassafras 
at different times was partly invalidated by failure 
of sassafras to sprout as expected, and by fire over 
some of the plots. After the first cutting in late 
June the sassafras stand virtually failed to recover. 
The salvaged data (Table 20) reinforced the conelu- 
sion that sassafras is no deterrent to the success of 
white pine and yellow poplar. Northern red oak 
was also planted but 64 small subplots had a sur- 
vival of only 9 percent the fifth year and growth was 
negligible. 


TABLE 20. Fifth-year survival and height of planted 
trees as related to cutting of sassafras overstory. 




















Average survival —— — 
Treatment 
White Yellow White Yellow 
pine poplar pine poplar 
Percent Percent Feet Feet 
Sassafras cut June first 
year.. 83.6 (22)! 78.2 (22) 4.8 2.3 
Sassafras cut “June sec- | 
ond y 90.0 (10) 71.3 (10) 4.6 2.5 
Guanine ‘cut June third 
FOR ...20-s .| 86.3 (5) 82.5 (5) 4.9 3.2 
Sassafras not cut... . | 90.0 (5) 82.5 (5) | 5.1 2.3 
Accidental burn end | | 
second year | 12.5 (22) | 52.9 (22) 4.1 2.0 
| 





1Figures in parentheses are the numbers of 16-tree subplots included in the 
means. 


PLANTING SPECIFICATIONS 

The final results of research in agricultural and 
forestry sciences should be the formulation of usable 
mstructions or a program for the direct or indirect 
benefit of man. Minckler (1941) published a plant- 
ing chart for the guidance of those’ engaged in tree 
planting or site appraisal for planting. This guide 
is still helpful but since that time much additional 
information has become available and a more up-to- 
date and comprehensive guide was made _ possible. 
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The Planting Chart is the result of the attempt to 
bring together the available information on species 
adaptation to site in the form of a guide or key. 
The chief weakness is a seale of soil consistency or 
the porosity-permeability soil complex. The Plant- 
ing Chart is self-contained in that all necessary ex- 
planations are given in the accompanying notes. 


SUMMARY 


Results from old-field reforestation experiments in 
the Great Appalachian Valley comprising 700 plots 
established in 1938 and 1939 have been given. 

Randomized blocks of both pure and mixed plant- 
ings of several species were located to sample soil 
types and aspects and to provide for replication of 
different site conditions. So that plantation success 
could be correlated with ecological factors; data on 
soil profile, soil physical characteristics, site history, 
topography, and vegetation were collected on each 
experimental plantation site. Detailed precipitation 
records were available. Plantation survival and 
growth were measured the first, third, and fifth years. 

Plantation mortality was affeeted by first season 
rainfall, aspect, slope steepness, soil, rodents, and 
density of vegetation. The hardwoods and white pine 
were most affected, and shortleaf pine the least af- 
fected, by faetors decreasing moisture. Rodents 
were most destructive to oak and black walnut seed- 
ing, and to planted seedlings of sweet gum and black 
locust. All oak plantations were virtual failures be- 
cause of rodents, and black walnut and sweet gum 
suffered very heavy damage. Very dense vegetation 
caused heavy mortality of shortleaf and white pines, 
especially the former. 

Growth and survival of species varied by aspect 
and soil type but, in general, shortleaf pine, white 
pine, yellow poplar, and white ash were the most 
successful. Species having good growth on a given 
soil type-aspeect site class (or a given plantation) 
also tended to have good survival on the same sites. 
Differences between local sites within soil type-aspect 
classes, however, provide the essential basis for site 
selection in any planting program. 

All species, except sweet gum, made better growth 
through the fifth year when planted in an especially 
moist season (1938) as compared with plantings in 
a dry year (1939). This difference was especially 
marked through the third year but tended to diminish 
during the fourth and fifth years. Growth for all 
species was 1.4 to 5.1 times as fast the fourth and 
fifth years as the second and third years. Except 
for shortleaf pine, this increase of growth after three 
years was considerably greater for those plantations 
established the dry year. For all plantations com- 
bined, shortleaf pine grew faster than the other three 
most suecessful species, but this difference diminished 
after the third year, especially for the dry-year 
plantings. For example, shortleaf pine dry-year 
plantings grew 3.5 times as fast as yellow poplar 
through the third year, but only 1.7 times as fast 
the fourth and fifth years. White pine and white 


ash exhibited similar tendencies in relation to short- 
leaf pine. Growth of individual plantations the 
fourth plus the fifth years was positively correlated 
with growth the second plus the third years, that is, 
plantations of a given species making relatively rapid 
early growth continued to be fast growing the fourth 
and fifth years, and vice versa. 

The species studied in this series of experiments 
are considered separately and their response to soil- 
site and vegetation factors described. The factors 
found operative in affecting plantation success are 
as follows: Soil type, aspect, and first-year precipi- 
tation as already mentioned; soil profile including 
the depth of the A horizon, consisteney of the A and 
B soil horizons ineluding porosity and permeability, 
soil biological activity, past history of the site, vege- 
tation stage and vegetation density, topography, and 
rodents. Black walnut, yellow poplar, various oaks, 
black locust, white ash, and sweet gum were most 
sensitive to site conditions with shortleaf pine the 
least sensitive and white pine intermediate. Only a 
very few sites gave satisfactory black walnut and oak 
growth. 

Mixtures arranged as a checkerboard with 9-tree 
squares were successful where the growth rates and 
survival of the species mixed were compatible on the 
particular site planted. Mixtures with oak were fail- 
ures as were most mixtures with black walnut and 
sweet gum. Shortleaf pine, white pine, and yellow 
poplar form suecessful mixtures and, on the best 
sites, some black walnut can be successfully mixed 
with yellow poplar. Old-field stands of sassafras ean 
be successfully underplanted with species adapted to 
the site. Cutting of moderately dense, five to eight 
foot stands of sassafras had no beneficial effeet on 
planted white pine and yellow poplar. Understocked 
stands of shortleaf pine ean be interplanted in open- 
ings with a diameter at least twice the height of the 
nearby trees. 

Results are combined and integrated into a Plant- 
ing Chart which is intended to serve as a practical 
and workable guide for foresters or others engaged 
in reforestation work. This will be improved as new 
information or techniques become available. 
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FACTORS AFFECTING ACTION OF OILS AND WATER-SOLUBLE 
CHEMICALS IN MESQUITE ERADICATION 


INTRODUCTION 


The invasion of mesquite over large areas of range 
and pasture land in the Southwest has been progress- 
ing for many years. One of the first reports on the 
mesquite problem was made by J. G. Smith (1896). 
Since that time mesquite has spread widely, espe- 
cially on the deeper and more productive soils, fre- 
quently forming dense jungles of brush. In these 
areas, grazing has been greatly affected by a reduc- 
tion in productivity of grass and ease of managing 
livestock. This condition prevails because there has 
been no economical and practical method of eradica- 
tion. 

Within recent years the problem has been at- 
tacked through the use of power machinery, water- 
soluble chemicals, and oils. Alexander (1936) found 
kerosene highly effective on rough-bark,  single- 
stemmed mesquite during certain seasons of the year. 
Smith (1937) somewhat later reported on the use of 
large crawler-type tractors with various cutter at- 
tachments for mechanically grubbing brush in south 
Texas. Streets and Stanley (1938) after working 
with numerous water-soluble chemicals and oils found 
sodium arsenite to be the most effective chemical for 
eradicating single-stemmed trees of velvet mesquite 
(Prosopis juliflora (Woot.) Sarg.). 
Kerosene was found to be less effective and gave var- 
iable results under conditions in southern Arizona. 
Parker (1940) continued the work of Streets and 
Stanley and developed the basin method using weak 
solutions of sodium arsenite. Fisher (1942), work- 
ing on many-stemmed honey mesquite (Prosopis juli- 
flora var. glandulosa (Torr.) Cockerell), found sodi- 
um arsenite highly effective during all seasons of the 
year when applied to the sapwood of stumps after 
the topwood was removed to the root crown. After 
extensive trials, he also found kerosene to be effective 
during different seasons of the year when sufficient 
amounts were used to penetrate to a depth of 6 inches 
below ground level. 

The published information shows that both sodium 
arsenite and kerosene are effective for killing mes- 
quite tissue. In practical use, however, neither has 
proved consistently effective. This paper is con- 
cerned with a study of the fundamental factors which 
influence the effectiveness of water-soluble chemicals 
and oils for killing mesquite. 


PROCEDURE 


Two growth forms of honey mesquite were used in 
these studies. At Spur, Texas, the trees were of the 
brushy, slick-bark, many-stemmed type. This condi- 
tion was brought about by a severe freeze in 1933 
that killed the topwood and resulted in a heavy de- 
velopment of sprouts from the base of the trees 
(Fig. 1). Individual trees had 12 to 15 stems and 


var. velutina 


all age groups were present from seedlings to old 
mature trees. The number of trees per acre varied 
from 150 to 200 on the upland sites and 500 to 1,500 
on the lowlands. Soils on the experimental area were 
of the Miles and Abilene clay and clay-loam series 
and typical of the rolling plains of northwest Texas. 





Fig. 1. 


This slick-bark, many-stemmed, brushy type 
of mesquite is typical of the growth form studied near 
Spur, Texas. 


At Amarillo, the experimental area was loeated in 
the Canadian River breaks and the mesquite was 
brush-like as a result of repeated winter killing, but 
the area had never been cut over extensively. The 
number of stems per tree averaged two to six and 
were rough barked. Tree ring counts indicated that 
two-thirds of the trees were less than 40 years old. 
The remaining trees varied in age from 40 to about 
110 years. Trees less than 12 years old were rare 
and the number of trees per acre ranged from 50 to 
400 (Fig. 2). Soils varied from Otero fine sandy 
loam to Quay clay loam. 

Eradication tests were conducted on individual 
trees, small exploratory plots, and large field-seale 
areas. Structural and miecro-chemical studies were 
made on both field collected samples and on plants 
grown in the greenhouse. The details of each of the 
different tests are discussed under experimental re- 
sults. 


EXPERIMENTAL RESULTS 


STRUCTURE OF MESQUITE PLANT IN 
RELATION TO ERADICATION 


To eradicate mesquite successfully, it is necessary 
to destroy all parts of the plant capable of sprouting, 
and thus of regenerating top-growth. For this rea- 
son, the structure of the mesquite plant is an essen- 
tial consideration in the development and use of sue- 
cessful eradication methods. 
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Fig. 2. 
breaks near Amarillo, Texas. 


Few-stemmed, rough bark, brushy mesquite 


ORIGIN OF SPROUTS 


Figure 3 shows the smallest and largest of several 
trees that were carefully exeavated with minimum 
disturbance of the original position of the under- 
ground parts.” Several stems and dead stumps were 
present. The stems had their origin just at or below 
the ground level from a branched underground struc- 
ture. Based on anatomical studies to be explained 
later, this structure is properly termed the under- 
ground stem. Examination of the excavated trees 
and of 100 trees that were dug out with a spade 
showed, without exception, that sprouts grew only 
from the underground stem at the top of the taproot. 
No sprouts were found that grew either from the 
itself from the lateral In 
cases sprouts from a single plant were several feet 


taproot or roots. some 


apart above ground and gave every appearance of 
being root sprouts, but they were found upon exeava- 
tion to have grown from a single underground stem 
located at the upper end of the taproot. 


A further test was made to establish definitely 

2 Excavations were made by washing away all the soil from 
around the tree by means of a stream of water, and carefully 
marking the location of all roots Because only those below- 
ground portions enough to the surface to form sprouts 
were under consideration, the excavating was done to a depth 
of 2 feet. This depth was found sufficient to locate the source 
of all sprouts. When examinations to greater depths were neces- 
sary, this was done simply by digging. Only in the very small- 
est plants was an attempt made to excavate the entire root 
system, since in large mesquite trees the roots may extend to 
considerable depths, much as 40 feet according to Bakke 
(1915). 
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similar to the growth form common in the Canadian River 


whether roots were capable of sprouting. Eighteen 
trees ranging in size from ¥% to 14 feet in height, 
were cut back to various depths in the ground. The 
treatments and results are summarized in Table 1. 
Sprouts grew from the underground stem when the 
tops were removed, but not from the roots under any 
conditions of the test. 
ANATOMY OF UNDERGROUND STEM 
Since the underground stem proved to be the only 


portion beneath the soil surface that was capable of 


TABLE 1. Regeneration tests on field-grown mesquite 
plants; treated in September and examined the follow- 
ing July. 





| Plants bearing 
sprouts 10 

months after 
treatment 


| 

Range in | 

height of | 
plants treated 
treated | 


Treatment 


Number 
1. Underground stem and roots 


Feet | Number 


removed to a depth of 2 
feet in ground. ... 5-10. 


2. Underground stem removed, | 
taproot left undisturbed 0.! 


3. Same as (2) except that soil 
replaced to original ground 
level 


4. Above-ground stem only re- 
moved; underground stem 
aad roots left undisturbed 0. 
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regenerating sprouts when the top was removed, its 
anatomical nature was studied. 

The tops were removed from several plants and 
after 1 to 2 weeks their underground stems were 
examined. New sprouts had started on the under- 
ground stems and were several inches long. They 
had grown from buds, which were present in great 
profusion on the cambium of the underground stem. 
In some instances, the buds were so dense that the 
underlying wood had a strikingly gnarled, bird’s-eye 
appearance (Fig. 4, A). Similar clusters of buds 
were found on the underground stems of trees that 
had not been cut back, which indicated that the buds 
were present normally and did not form after the 
tops were removed. Such buds apparently can re- 
main dormant for some period and then form sprouts 
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when properly stimulated, as by removal of the 
above-ground stems. 

Dormant buds occurred over the entire under- 
ground stem, but most of them were present in a 
relatively narrow zone, 2 to 6 inches long at the basal 
end of the underground stem (Fig. 9). Within this 
zone, as many as several hundred buds occurred on 
the larger plants. A lesser concentration of buds 
occurred over the entire length of the underground 
stem, but they were absent below the root collar. The 
examination of those parts of taproots and lateral 
roots growing within 2 feet of the ground level 
showed no buds present in a large number of plants. 

The bud clusters that appeared on the cambium of 
the underground stem were all traceable back to the 


pith in the heart of the stem. On a cross-section, as 





Pa 


Fig. 3. Growth habit of relatively small and large mesquite trees. Lines on the background are 1 foot apart, 
and the ground level is indicated by a solid line. The entire root systems are shown to a depth of two feet. In 
plant (A), all of the top is shown, but in plant (B) most of the foliage and the upper part of the crown have 
been removed for convenience in photographing. Note that branch stubs and living stems arise from a structure 
lying at and just beneath the ground line. This structure is an underground stem formed by recurrent sprout 
ing and accumulation of soil at the base of the sprouts. 
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FIGuRE 3. 


shown in Figure 4, B, these traces appeared as radi- 
ating lines. As the bud elusters on the cambium 
were the ends of traces which extended to the pith, 
it was apparent that the buds formed when the stems 
were initially developed and that the elongation of 
bud traces was coextensive with the diameter growth 
of the stems. Such buds are characterized anatomi- 
cally as perennial dormant buds. 

The distinction between perennial dormant buds, as 
found in mesquite, and the adventitious type of bul 
is of fundamental importance. The latter type of 
bud is one that would form on the underground stem 
or root subsequent to removal of the above-ground 
part. Priestley and Swingle (1929) have pointed 
out the kinds of buds in various species of plants. 
On stems, perennial dormant buds (in the sense us°d 
common occurrence; while adv nt!- 
On roots, both dor- 


herein) are of 
tious buds are rather uncommon. 
mant and adventitious buds oceur commonly in many 
species. 












































(B) 


In mesquite, however, sprouts grow only from 
perennial dormant buds loeated on stem tissue. Ad- 
ventitious stem buds apparently do not form on 
either stems or roots. Therefore, if all the dormant 
buds are destroyed, the mesquite plant will become 
ineapable of sprouting. This fact must be considered 
a basie point in the development of successful eradi- 
cation methods. 


DEVELOPMENT OF UNDERGROUND STEM 


The underground stem varies among individual 
trees in size, form, and the depth to which it extends 
below the ground surface. These variations are the 
results partly of the inherent growth habit of the 
plant and partly of environmental effeets. The ini- 
tial stages in the development of the mesquite plant 
were determined by planting seeds in soil between 
two sheets of glass, which permitted close observation 
of the kinds and location of the various organs. After 
16 days of growth, the plants were dissected and 
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Fie. 4. (A) Dormant bud clusters on the outer surface of the wood of an underground stem from which the 
bark has been removed. The buds are usually not perceptible without exposing the cambium, for they remain 
dormant beneath the bark, They break through the bark and form sprouts generally only when the above-ground 
stems are killed back. 


(B) Cross-section through the underground stem showing traces of the dormant buds, which appear as radial 
streaks in the wood. Upon dissection of pieces such as the one shown in the photograph, it was found that the 
traces all extend directly into the pith of the stem, showing that the buds are actually preformed rather than 


adventitious structures. 


examined in detail. The diagrams of Figure 5 show 
the organs of the young seedling and the gross anat- 
omy of the stem and root. The point of origin of 
the primary root was demarked from the stem by a 
line of constriction and by a difference in diameter. 
This line, which forms the root collar, was located at 
the point where the seed had been placed in the soil. 
In these plants, the root collar was approximately 
¥, inch below the ground level. 

The internal strueture of the seedling is dia- 
grammed on the right-hand side of Figure 5. The 
major parts are (a) the stem, which includes all the 
tissue at and above the cotyledons, or seed leaves; 
(b) the hypocotyl, which is the portion between the 
root collar and the cotyledons; (¢) the root, which 
lies below the root collar. The arrangement of the 
translocation tissues within the seedling differed 
among these parts. In the stem, the translocation 
tissues (phloem and xylem) formed a ring, which 
resulted in the delineation of a central pith. In the 
hypocotyl, the phloem was alternate with the xylem, 


although still outside it; and the pith was of smaller 
diameter than in the stem. Finally, about 34 of an 
inch below the root collar, the translocation tissues 
occupied the center and no pith was present. 

The lack of pith thus proved to be a simple means 
of distinguishing root from stem in mesquite. This is 
true also of many other plants (Eames & MacDaniels 
1925). Figure 6 shows eross-sections through the 
center part of a stem and root. The difference in 
gross anatomy is apparent. This difference can usu- 
ally be detected with the unaided eye or with a hand 
lens. 

The source of sprouts on young plants in relation 
to the foregoing anatomical features was determined 
in an experiment conducted on groups of seedlings 
that were grown for 1, 2, and 3 months between 
sheets of glass in the greenhouse. The seedlings in 
the three age groups averaged 31% inches, 5 inches, 
and 11 inches in height, respectively. One-third of 
the plants in each group were cut off just below the 
ground level, so that only root tissue remained in 
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Fig. 5. Diagram of a mesquite seedling 16 days after 


planting of the seed, showing the tissues present at var- 
ious points in the stem and root. Pith is present in the 


stem, hypocotyl, and the upper 4 inch of root, but is 
absent in the remainder of the root. 


place; another third were cut off 4% inch above the 
ground level, so that the entire root and part of the 
hypocotyl were left intact; the final third were cut 
off 4 inch above the cotyledonal node, so that the 
entire root, the hypocotyl, and the first node of the 
stem remained. The plants that had been cut off 
above the first node, regardless of their age, produced 
new sprouts within 2 weeks after the treatment. The 
sprouts arose from the buds present in the axils of 
the cotyledonal sears. The remaining plants failed 
to sprout and were thus killed by the excision. It 
therefore appeared that normal stem buds had to be 
present in order to initiate sprouting when the tops 
of the seedlings were removed. Such buds were lo- 
cated an inch or two above the root-stem transition. 

With the interrelationship of these tissues as a 
basis, attention was then given to the development of 
underground stems under field conditions. An exam- 
ple of the findings are shown by the plant dia- 
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grammed in Figure 7, which is the same plant as 
appears in the photograph of Figure 3, A. The liv- 
ing shoots were all one year old, but a ring count in 
the root showed the plant to be probably 12 years 


old. The plant had evidently been killed back several 
times. The living sprouts arose from a complex mass 


of dead stubs that extended an inch or so below the 
ground surface. The anatomy of the plant showed 
pith present to a depth of approximately 2 inches. 
The tissue below this depth was therefore true root. 
The first node was identifiable by the position of the 
lowest dormant buds, which were almost 1 inch below 
the ground surface. The part below these buds and 
above the root was therefore the hypocotyl. By trae- 
ing the pith connections to the dead stubs and ecount- 
ing the rings, the successive steps that had taken 
place in dying back and resprouting of the stem 
could be detected. The original stem lived only dur- 
ing the first growing season, and the stub was im- 
bedded within the underground stem tissue. New 
sprouts had arisen that same year from buds at the 
first node, which had not been killed. These sprouts 
were subsequently killed back, but new shoots grew 
from the dormant buds that remained alive. As the 
stem increased in diameter, the dead stubs became 
enveloped within the woody tissue. Thus, the diver- 
sity in form of underground stems is associated with 
reeurrent die-back of the stems in combination with 
normal diameter growth. 

The depth to which the lowest buds are buried in 
the ground is important in selecting and successfully 
using the various eradication methods. Greenhouse 
tests in which mesquite seeds were planted at depths 
varying from 1% to 2 inches below the ground surface 
showed that unless the cotyledonal node extended 
above ground, the cotyledons failed to expand and 
the plants did not become established. The field- 
grown plant diagrammed in Figure 7 showed the 
lowest dormant bud at a depth of about 34 inch, with 
numerous other buds above this level but still beneath 
the ground surface. In this case, there had been an 
accumulation of soil about the stem, for the original 
ground surface must have been approximately %4 to 
1 inch below its present level. 

The depth to which the dormant buds were buried 
below ground in field-grown mesquite trees on the 
experimental areas at Amarillo and Spur, must 
therefore have been a result largely of soil displace- 
ment and accumulation about the base of the stems.’ 
Thirty-two plants of varied size, 17 at Amarillo and 
15 at Spur, were dug and the location of the root- 
stem transition determined by examining successive 
cross-sections microscopically for the presence of 
pith. The results, summarized in Table 2, show that 
the base of the stem, as indexed by the point where 
the pith is absent, may be as much as a foot below 
ground, and that the depth inereases in general with 
the size of the plant. The depth to which the stem 
is buried varies also according to site. In Table 3 

* The other cause is of minor importance. The tissues at 
the base of the mesquite stem have an innate tendency to grow 


obliquely downward in successive years of growth, so that the 
bud traces at the cambium are slightly deeper than at the pith. 
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Fig. 7. 


Diagram of a dissection of the mesquite plant shown in Figure 3, A. 
at numerous places near the ground line and some of the stubs have been enveloped by the stem. 


——age I2 yrs. 


Dead branch stubs are present 
The shoots 


alive at the time of excavation were 1 year old, yet a ring count at the root crown indicated the plant actually 


was 12 years old. 
about the base of the plant during this period. 


they could be reached with chemicals. In other parts 
of the mesquite range, particularly where soil move- 
ment is excessive (Campbell 1929), the underground 
stem may be buried to a considerably greater depth 
than at Spur and Amarillo. 
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Fic. 8. Diagrammatic representation of the major 
types of mesquite at Amarillo, Texas, based on the num- 
ber and disposition of above-ground stems. The relation 
of the underground stem and taproot in these types is 
indicated by broken lines. The relative frequencies are 
based on excavations of 96 plants. 






The location of the root-stem transition indicates that % to 1 inch of soil had accumulated 


Since the number of divisions of the underground 
stem depends on the origin and die-back of sprouts, 
there is considerable variation among individual 
plants, even over small areas. Ninety-six mesquite 
trees were chosen at random at Amarillo, and the 
underground stems were diagrammed. The results 
are summarized in Figure 8. Over one-third of the 
plants had underground stems branched into two di- 
visions with aerial stems at the ends of each division. 
A few plants were single-stemmed, and in these the 
dormant buds were not buried as deeply as in the 
more complex forms. The underground stems of some 
of the plants bore as many as five separate divisions. 
The dormant buds on such plants, being buried more 
deeply and greater in number, present a more diffi- 
cult problem in chemical eradication. 


ERADICATION TESTS 


PRELIMINARY STUDIES 

Tests with chemicals and oils were made on indi- 
vidual trees to determine their basic action in reach- 
ing the dormant buds on the underground stem. The 
technique used consisted of injecting various water 
solutions and oils into the sapwood of the trees by 








hs 


ent 
ots 
ally 
ited 


and 
uts, 
jual 
nite 
the 
ults 
the 
di- 
ion. 
the 
the 
ome 
ons. 
10re 


liffi- 


ndi- 
ach- 
The 
ater 
; by 





April, 1946 


means of a tube-and-funnel technique (Fisher 1942). 
After different time intervals of injection, the trees 
were dissected to evaluate the movement of the chem- 
icals and their effect on the tissue. 

The materials tested by this technique were either 
systemic or local, that is, the chemicals either moved 
through the vascular system and caused remote ef- 
feets, or they remained in a limited area about the 
place of injection and caused only a localized effect. 
Systemic chemicals used were sodium arsenite, so- 
dium arsenate, ammonium sulfamate, zine chloride, 
copper sulfate, potassium dichromate and methylene 
blue. Kerosene and diesel oil were typical of local 
materials tested. 

Further study of these two essentially different 
groups of materials were made by testing sodium 
arsenite as a systemic poison and kerosene as a local 
poison. 

SODIUM ARSENITE 

For many years sodium arsenite has been used to 
kill sprouting species of trees, shrubs, and certain 
noxious weeds. It is highly toxie in low concentra- 
tion and has the ability to move freely in both living 
and freshly killed plant tissues (Robbins, Crafts & 
Raynor 1942). The objective in killing mesquite with 
sodium arsenite is to introduce it into the conductive 
system in such manner that it will move downward 
to the underground stem and kill all the dormant 
buds. The various methods of application that have 
been recommended, such as girdling, frilling, remov- 
ing the topwood and then treating the sapwood with 
poison, or pouring weak solutions around the bases 
of trees, are means of accomplishing this objective. 
Factors which affect movement of sodium arsenite 
when applied to the foliage are under study and are 
not reported in this paper. 

Some factors that were found to influence the use 
and effectiveness of sodium arsenite are: (1) time 
available for absorption and path of movement, (2) 
concentration, (3) the time interval between prepara- 
tion of sapwood and treatment, (4) season of vear, 
and (5) growth habit. 





Time for Absorption and Path of Movement 

The length of time sodium arsenite solution re- 
mains in moist contact with sapwood influences the 
distance it will move both vertically and tangentially 
from the point of application. In this study, a 1:3 
dilution of standard sodium arsenite solution* was 
introduced into four single-stemmed mesquite trees 
of similar size by the injection method. Injection 
periods of 2, 7, 30, and 45 days were used. At the 
end of these periods, the extent of dead tissue and 
the distribution of sodium arsenite inside the trees 
were determined. The sodium arsenite had moved 
downward and spread tangentially around the cir- 
cumference of the stems in proportion to the length 
of time the solution was in moist contact with sap- 
wood. 

Vertical movement downward was rapid in all the 


* One gallon of this solution contains 8 Ibs. of AsvOs, 2 Ibs. 
of NaOH, and 3 quarts of water (Crafts 1933). 
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trees. In the tree injected for a period of two days, 
the\sodium arsenite moved 36 inches in 48 hours, or 
at a rate of 34 inch per hour. This closely approxi- 
mates the rate for diffusional movement from eell to 
cell reported by Crafts (1939). In the remaining 
three trees, the vertical penetration was deeper than 
the roots were excavated, which was to a depth of 2 
feet below ground. 


TABLE 4. Results of injections with standard sodium 
arsenite solution at a level of two feet above ground for 
various: periods of time. 





CIRCUMFERENCE OF Stem KILLED aT— 











Injection period ae. 
Place of injection 


| 

| | At lowest bud on 
on above-ground stem 

| 


underground stem 





Days Percent Percent 
er ; | 25 | 25 
Deakivenetve | 70 | 74 
30... | 92 100 
Wiis waneee | 100 | 100 








The tangential movement of sodium arsenite in the 
four trees was much slower than the vertical move- 
ment. After two days of injection, lateral movement 
at the depth of the lowest bud on the underground 
stem was 25 percent of the circumference, and only 
after 30 days of continuous injection was sodium ar- 
senite present around the entire circumference of the 
tree (Table 4). These results emphasize the neces- 
sity of exposing and treating all the sapwood around 
the circumference of the trees when girdling, frilling, 
and stump painting methods are used. This finding 
confirms the work reported by Parker (1943). 





Fic. 9. Few-stemmed and many-stemmed mesquite 
usually have forked underground stems. Arsenic, ap- 
plied to high cut stumps such as here shown, is retarded 
in its uniform penetration to below the critical bud zone 
by the presence of crotches and the occurrence of areas 
of dead tissue. Uniform penetration may be obtained 
by trimming back all stems to the top of the crotch and 
using strong arsenic solutions, 
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Additional injection tests on multi-branched un- 
derground stems showed that treating one stem for a 
period of less than five days failed to kill the remain- 
ing untreated stems of the tree, because of inability 
of sodium arsenite to spread tangentially in the un- 
derground stem. In field-seale tests, failure io re- 
move all side branches and to treat all the exposed 
sapwood with poison invariably resulted in sprout- 
ing. Examinations on hundreds of treated plants 
showed that the lateral penetration of sodium ar- 
senite is retarded by croteches on the underground 
stem, and by areas of dead tissue that may occur be- 
tween the point of application and the lowest dor- 
mant buds (Fig. 9). These difficulties have been 
largely overcome by proper stump preparation and 
by using strong solutions of poison. 

Modified Bettendorf and Gutzeit tests made on tis- 
sues of the injected trees showed arsenic to be con- 
eentrated in the outer one to three annual growth 
rings of the sapwood. For the injection period of 
two days, arsenic was found only in a few of the 
vessels and their surrounding thin-walled, wood pa- 
renchyma cells in the sapwood. When the period of 
injection was increased to 30 days, many vessels and 
their surrounding wood parenchyma eells contained 


@® 
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Fig. 10. Arsenic diffusion pattern in the second an- 
nual growth ring of a mesquite stem. Stannous chloride 
in concentrated hydrochloric acid was used as the micro- 
chemical reagent to indicate the presence of arsenic. 
Arsenic, as indicated by solid black and stippling inside 
the cells, was found in the longitudinal elements (A) 
immediately surrounding the vessels (B), and in lesser 
concentration in the ray parenchyma (C). 
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In addition, it was found concentrated in 
the ray parenchyma cells suggesting that these cells 
are responsible for the radial movement of arsenic. 
In the tree injected for 45 days, arsenic was found 
in all these tissues and also in the vertically-elongated 
wood fibers (Fig. 10). 

This pattern of arsenie distribution suggests that 
the relatively rapid initial movement of sodium ar- 
senite occurs in the vessels and then diffuses into the 
surrounding wood and ray parenchyma until it 
reaches the cambium where the living cells are killed. 
Following the death of the cambium, some tangential 
movement may take place. No evidence of arsenic 
in the cambium was found in freshly treated stumps 
except very close to the treated surface. 


arsenie. 


Concentration of Solution 

Repeated tests with standard arsenic solution con- 
taining the equivalent of 8 pounds of As2Os per gal- 
lon showed that sodium arsenite, almost without ex- 
ception, penetrated throughout the sapwood of stump 
and roots when applied to the root crown after the 
topwood and side branches were removed. To de- 
termine the effect of concentration on penetration to 
the lowest dormant buds on the underground stem, 
the following amounts of sodium arsenite, expressed 
as As2Os per gallon of solution, were used: 8, 6, 4, 
2.64, 2, 1.60, 1.33, 1.12, 0.80, and 0.57 pounds. Starch 
was added to the dilute solutions to maintain the 
same viscosity as that of the standard solution ae- 
cording to the method suggested by Parker (1940). 

In these studies, 20 one-acre plots were seleeted 
that had moderate stands of trees, with the stems 
varying from 2 to 10 inches in diameter at soil level. 
These were treated by removing the topwood to the 
root crown and painting the sapwood of the stump 
with the foregoing concentrations of sodium arsenite. 
The influence of concentration on the average per- 


TABLE 5. Average percentage of kill of mesquite 
treated on April 1 and May 12, 1942 with varying con- 


























centrations of sodium arsenite and average minimum 
depth of arsenie penetration. 
| | | | 
| | Average | 
Pounds TREES | minimum | Average | 
As203 E | depth | depth of | Character 
per Trees | As203 | lowest | of 
gallon* Treated |Sprouted| killed penetrated bud penetration 
Pounds |Number|Number| Percent Inches | Inches 
8 | 670 21 | 96.9 12** 4.5 Uniforin 
6 | 269 122 | 9.5} 4.5 Uniform 
4 329 | 21 | 93.6 | 10 4.5 Uniform 
2.64 | 352 | 24 | 93.2 9 5.0 Slightly 
streaked 
2.00... | 600 | 63 89.5 6 5.0 Streaked 
1.60... } 410 | 56 86.3 5 5.0 Highly 
| | streaked 
1.33 | 460 | 44 | 90.4 5 4.5 Highly 
| | streaked 
1.12 | 580 | 84 85.5 5 5.0 Highly 
| | streaked 
.89 | 170 | 70 58.8 4 4.0 Highly 
streaked 
.57 | 369 | 146 60.4 2 5.0 Highly 
| streaked 























*As sodium arsenite. : 
**Penetration greater then 12 inches. 
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centage of kiil and the average minimum depth of 
penetration from the point of applieation is shown 
in Table 5. 

It may be seen that the percentage of kill varied 
with the concentration of arsenic solution used. 
Higher kills were obtained as the amount of sodium 
arsenite in solution inereased. There was only a 
slight difference in favor of the solutions containing 
more than the 2.64 pounds of As2Os per gallon. 
Solutions below this concentration gave lower kills 
with one exception, and when the As2Os content was 
below one pound per gallon, the kills were markedly 
reduced. 

The average minimum depth and character of pen- 
etration of sodium arsenite was determined on 20 
trees from each of the foregoing plots by excavating 
the stems, removing the bark, and measuring the 
amount of tissue that was killed and discolored.* 
Arsenic penetration was found to vary directly with 
the concentration of the solution and this accounts 
for the close relationship between concentration of 
solution and the percentage of kill obtained. 

The pattern of arsenic penetration was uniform 
and extended below a depth of 10 inches when the 
solution contained more than 4.00 pounds of AszOs 
per gallon. When 2.64 pounds of As2zO3 were used 
per gallon of solution, the pattern of penetration 
was streaked, but still extended below the lowest 
dormant bud. Highly streaked and variable pat- 
terns were clearly evident when less than 2 pounds 
of As2Og were used per gallon and the minimum 
depth of penetration did not always reach the lowest 
buds. The higher percentages of kill, deeper mini- 
mum penetration of arsenic, and more uniform pat- 
terns of penetration suggest that solutions should 
contain at least 4 pounds As2Os per gallon under 
most conditions. Weaker solutions may be equally 
effective only when the dormant buds are relatively 
shallow or the poison is applied close to the lowest 


buds. 


Time Interval Between Exposure and 
Treatment of Sapwood 


Injection studies, previously discussed, showed that 
the penetration of sodium arsenite in mesquite tissue 
was closely related to the length of time the solution 
remained in contact with moist sapwood. 

This principle was further tested by removing the 
topwood so as to expose the sapwood at the root 
erown, and then painting the exposed sapwood with 
sodium arsenite solution (1:3 dilution of standard 
stock solution) 30 minutes, 7 days, and 26 days later. 
Of the 229 trees treated 30 minutes after the sap- 
wood was prepared, 93.9 percent were killed (Table 
6). Treating the sapwood 7 and 26 days after its 
preparation killed only 5.3 percent of the trees. These 
results show that the exposed tissue should be treated 
immediately before it has an opportunity to dry. 

5 Repeated tests of discolored tissues in these trees gave a 


positive test for arsenic when tested by the Gutzeit test. Nega- 
tive tests were obtained from non-discolored tissue. 


TABLE 6, Effect of time intervals between sapwood 
preparation and application of sodium arsenite solution. 














aaa TREES 
Time interval after a ee ey ee Ae 
sapwood was prepared Trees killed 
Treated Sprouted 
Number Number Percent 
30 minutes............. 229 14 93.9 
WEN Ssapewdetees 75 71 5.3 
26 days. . one 75 71 5.3 
Wecxeenxe 379 156 











Seasonal Treatment 


Field seale tests, using the root-crown method of 
stump preparation and arsenic solutions containing 
at least 2 pounds of As2Os per gallon, were made at 
Spur from 1939 to 1942 and at Amarillo from 1941 
to 1943. The results show that there is some varia- 
tion in percentage of kill obtained during different 
months of any one year, but for the four years of 
study, the treatments were nearly equally effective 
during the different seasons of the year (Table 7). 
Examination of plots indicated that the variation in 
percentage of kill was influenced more by the method 
of stump preparation than by season. The root erown 
method can be expected to give about equally effective 
results at any time of the year provided the stumps 
are properly prepared and treated immediately after 
preparation. 


TABLE 7, Effect of season on percentage kills with 
sodium arsenite applied to root crown of mesquite. 














Trees Kintep 
Month ee ee a oe 
1939 «=| 1940 =| 1941 1942 
Percent Percent | Percent Percent 
ee as : 98.2 99.3 
February....... : Pe 96.8 | 100.0 98.8 
Maroh.......:++. 80.0 | 97.8 98.3 
Agel... nieenn dae Laae 80.0 | 99.8 98.6 
eee uae 79.3 | 99.6 
Peacbakhns sanhenats 88.9 ; 
ere ; 85.7 100.0 
ae aah ee 100.0 | 
September.......... } 87.8 94.4 
ee | 88.6 98.2 
November. ..... abe 93.6 95.0 
December........... |} 93.8 aaa | 
| 











Methods of Treatment in Relation to Growth Form 

The diversity in growth form of mesquite in dif- 
ferent sections of the Southwest has encouraged the 
development of varied methods of treatment with so- 
dium arsenite. All methods which place sodium ar- 
senite in contact with conductive tissues, such as fril- 
ling, girdling, and stump painting, are designed to 
take advantage of certain features of the several 
growth forms to reduce the cost of treatment. What- 
ever the method of treatment, the basie principle 
remains unchanged in that the penetration of the 
poison must be sufficient to kill all the dormant buds. 
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The influence of growth habit and method of treat- 
ment on the effectiveness of sodium arsenite is shown 
in Table 8. On single-stemmed, unbranched mes- 
quite, applying sodium arsenite to the sapwood in 
frills gave the highest kill; however, treating the 
sapwood of the root crown and treating stumps cut 
at ground level also gave highly effective results. 


TABLE 8. Influence of growth form on effectiveness 
of different methods of poisoning mesquite with sodium 


























arsenite. Field tests, 1941-1943. 
| TREES 
} =. —s 
Growth form Method of treatment | killed 
| Treated |Sprouted 
| Number | Number | Percent 
Single-stemmed, | 1. Cut and poison stumps 52 9 82.7 
unbranched, | 2. Frill and poison | 133 | 0 100.0 
tree-like | 3. Trim to root crown, poison 780 | 60 92.3 
| | 
Few-stemmed, 1. Cut and poison stumps... . . 7,045 | 4,152 41.1 
rough bark 2. Frill and poison . .| 1,184 450 62.0 
brush 3. Trim to root crown, poison...| 1,410 | 37 97.4 
Many-stemmed, | 1. Cut and poison stumps. . ; 103 | 62 39.8 
slick bark 2. Frill and poison ...| Method not adapted 
brush 3. Trim to root crown, poison 600 63 | 89.5 





When these same three methods of applying sodium 
arsenite were used on few-stemmed mesquite with 
two to six stems per tree, the root crown method 
gave greater kill than the frill method or the stump 
method of treatment. In the case of many-stemmed 
mesquite with 6 to 20 stems, only the root crown 
method gave effective kills. Treatment of the sap- 
wood of many-stemmed trees cut at ground level gave 
kills of only 39.8 percent. The frill method of apply- 
ing sodium arsenite was unadapted to this growth 
form. 

From these results, it may be seen that the most 
desirable method of applying sodium arsenite to sap- 
wood depends on tree form. On single-stemmed trees, 
the ease of preparing the sapwood should dictate the 
method of treatment. In the case of many-stemmed 
mesquite, removing the topwood to the root crown 
gave consistent, highly effective kills, while other 
methods of application were relatively ineffective. 
Thus, once the action of sodium arsenite and the fae- 
tors which affect its movement in the mesquite tree 
is clearly understood, a choice can be made as to the 
method of application, depending upon the cost and 
the ease of treating the different growth forms. 

KEROSENE 

The extensive use of kerosene for the eradication 
of mesquite under pasture conditions is due chiefly 
to its toxicity, general availability, and freedom 
from poison hazards. It has not proved generally 
successful on all forms of mesquite and the reason 
for this becomes evident when the action of kerosene 
is clearly understood. Methods that have been used 
include spraying the trunk, spraying the foliage, 
treating the sapwood of stumps, and saturating the 
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soil around the base of trees (Alexander 1936; Bent- 
ley, Fisher & Laneaster 1942; Fisher 1942; Parker 
1943). 


Method of Entrance and Movement 

The action of kerosene on mesquite tissue was stud- 
ied by (1) the injection method previously deseribed, 
(2) tip injection of sueceulent growing stems, (3) 
treating different tissues of prepared 
stumps, and (4) spraying different parts of the mes- 
quite plant. 

Repeated injections of kerosene into the sapwood 
of single and many-stemmed mesquite trees have 
that its toxie limited to 
reached by physical contact, and that lateral and ver- 
tical movement from the point of application is 
limited to Immersing 
succulent growing stems of mesquite into kerosene 
for a period of 33 days killed all tissues that were 
wetted, but no vertical movement was found. When 
the bark, cambium, sapwood, and heartwood on spe- 
cially prepared stumps were treated individually it 
was found that none of the living tissues was adapted 
to movement of kerosene (Table 9). 


specially 


shown action is tissues 


‘apillary or gravity action. 


TABLE 9. Penetration of kerosene into different tis- 
sues of mesquite when applied to stumps. 





DowNWARD PENETRATION 
or KEROSENE 





Tissue Condition of tissue | 
Average | Average 
| ag 
| | minimum maximum | Average 
} | Inches | Inches Inches 
Cambial zone* ..| Moist | 2.5 16.5 9.0 
Sapwood eas Moist 4 0.5 8.0 4.0 
Heartwood......| Dry and partly decayed..| 14.0 | 17.0 15.0 
Heartwood...... | Dry and not decayed. . . 5.0 | 5.0 5.0 








*Actual movement appeared to be mostly in the adjoining drybark. 


That kerosene is a contact poison has been further 
shown from studies made by spraying the foliage, the 
lower 18 inches of the trunk, and the underground 
stem. Treating the underground stem by wetting 
with an average of 0.93 quart per tree gave complete 
kill. Approximately the same volume of kerosene, 
0.88 quart per tree, applied by spraying the lower 18 
inches of the tree reduced the kill from 100 percent 
to 44.9 percent. This marked reduction in pereent- 
age of kill of plants was not due to lack of toxicity 
of kerosene but to the failure of kerosene to reach all 


TABLE 10. Effect of spraying various plant parts of 
mesquite with kerosene. 














| 
TREES 
Part treated as 3 : Trees | Average 
killed | volume 
Treated Sprouted per tree 
Number Number | Percent | Quarts 
Foliage. . . 97 95 2.1 | 0.50 
Trunk-lower 18 inches 118 65 | 44.9 -88 
Underground stem 74 0 100.0 .93 
Total 239 = | ~—(160 | 
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of the dormant buds on the underground = stem. 
Spraying the foliage was ineffective (Table 10). 

This test shows that kerosene is highly toxie to the 
various tissues, but its movement within the plant is 
restricted. In order to be used effectively it must 
come in physieal contact with all the dormant buds 
on the underground stem. 

Volume of Kerosene per Tree 

Since kerosene is a contact poison, the volume 
necessary to obtain complete wetting of the under- 
ground stem will vary according to the method of 
application, the growth form, tree size, and the soil 
factors of texture and moisture content. In a test 
on 13,256 trees of similar growth form and size on a 
sandy loam soil, it was found that the amount of 
kill varied almost directly with the amount of kero- 
sene used around the base of the trees. The amount 
of kill varied from 92 pereent when an average of 
1.10 quarts were used to 32 percent when an average 
of 0.25 quart was used (Table 11). 

TABLE 11. Relationship of volume of kerosene per 


tree to percentage of kill on a sandy loam soil. Kero- 
sene poured about crown at ground level. 





TREES 
Average amount of Trees killed 
kerosene used per tree | 
| Treated | Sprouted 
Quarts | Number Number Percent 
10 884 71 92.0 
91 | 856 } 128 85.0 
89 747 134 82.1 
ae 755 | 174 77.0 
1.67 722 116 83.9 
46 2,657 1,196 55.0 
38 1,759 1,009 | 42.6 
25 4,876 3,316 32.0 
Totals 13,256 6,144 | _ 
2.) 
q 
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The Soil 

The influence of soil texture and moisture on the 
use of kerosene was studied in both the laboratory 
and in the field. In the laboratory, a series of test 
tubes were filled with two types of soil. One series 
contained river sand, the other Randall clay. Three 
tubes were filled with the sandy soil and three with 
the clay soil. For each type of soil, one tube was 
left in an air-dry condition, the second was moistened 
and the third was thoroughly wetted with water. 
Two cubie centimeters of kerosene were poured on 
the surface of the soil in each tube and penetration 
of the kerosene was observed over a 14-day period. 
The kerosene penetrated immediately to the bottom 
of the tube containing dry sand. The penetration 
into moist sand was much slower but eventually 
reached the same depth. There was almost no pene- 
tration into the wet sand. On dry clay, the depth 
kerosene penetrated was only one-half that reached 
on dry sand. Kerosene did not penetrate the moist 
or wet clay soil (Table 12 and Fig. 11). 

The factor of soil texture was studied under field 
conditions by applying similar amounts of kerosene 

TABLE 12. Penetration of 2 cc. of kerosene through 


11.5 em, columns of sand and clay under different mois- 
ture conditions. 








| Moisture | Volume of 
: |— —— : kerosene 
Soil ee | Penetration | unabsorbed 
Condition | Content into soil by soil 
Percent em. cc. 
River sand Wet | 25.0 | 0.0 1.9 
Moist | 14.7 11.5 0.1 
| Dry — 11.5 0.0 
Randall clay Wet | 32.8 0.0 2.0 
Moist | 25.4 0.0 2.0 
Dry _ 5.6 0.0 
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KEROSENE PENETRATION TEST 


Fig. 11. Kerosene penetration is best in a dry soil. 


quite eradication. 


A given volume penetrates nearly twice as deep in dry 
sand as in dry clay. Kerosene does not penetrate wet soil, either sand or clay. 
moist sand but not at all im moist clay. These facts are 


Penetration occurs slowly in 
fundamental to the effective use of kerosene for mes- 
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to the base of 171 trees of similar growth form. Of 
the total number, 66 grew on a fine sandy loam and 
105 on clay loam. Although 12 percent less kerosene 
was used on the trees growing on fine sandy loam, 
the percentage kill was almost twice as great when 
compared with that on clay loam soil (Table 13). 


TABLE 13. Comparison of effectiveness of kerosene on 
a fine sandy loam and a clay loam soil. 








TREES Average 
¥ amount of 
Kind of soil Trees kerosene 
Treated Sprouted killed used per tree 
Number Number Percent Quarts 
Otero fine sandy loam. €6 | 7 89.4 0.58 
| 
Abilene clay loam...... 105 54 48.6 .65 





A given volume of kerosene applied at the base of 
mesquite trees growing on sandy or other porous 
soils is more likely to produce effective kill than 
when applied to the base of trees growing on slowly 
permeable, fine-textured soils. In addition, better 
results may be expected when the soil is dry than 
when moist or wet. A dry condition in the upper 
foot of soil is the important point to consider because 
usually all parts of the underground stem are in this 
zone. 

Seasonal Treatment 

Early recommendations for treating mesquite with 
kerosene indicated that season was highly important 
in determining the success of killing trees (Alexander 
1936). A study of seasonal effect was made by ap- 
plying an average of 1.38 quarts of kerosene per 
tree to the base of trees with single underground 
stems during each month from February to Novem- 
ber in 1940. It was found that effectiveness varied 
from 81.2 percent in February and April to 94.3 per- 
cent in July and August. Kills above 85 percent 
were obtained in May, June, September, and Novem- 
ber. The higher percentage of kills in the summer 
and fall months suggest that low moisture content of 
the surface soil and resultant deeper penetration of 
kerosene is more important than any physiological 
changes in the plant due to season (Table 14). 


TABLE 14, Effect of season on percentage kill of mes- 
quite treated with kerosene in 1940. 





| Trees killed 


C. E. Fisuer, Jess L. Fuuts, anp Henry Hopp 





Month Trees killed | Month 
| Percent | Percent 
| 81.2 eee 94.3 
83.3 August....... : 94.3 
81.2 September.......... | 87.0 
85.7 October............| 83.3 
86.4 November..........| 86.7 








Influence of Growth Form on Use of Kerosene 

Success in the use of kerosene is largely deter- 
mined by the character of the underground stem. The 
variation in size, shape, and complexity of the un- 
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derground stem is associated with growth habit. 
Single-stemmed trees usually have simple unbranched 
underground stems, few to many-stemmed trees usu- 
ally have forked underground stems of varying de- 
grees of complexity. 

Studies on 350 trees having four different forms 
of the underground stem were made by pouring an 
average of 1.46 quarts of kerosene around the base 
of each tree. This treatment was effective on trees 
with a single, unbranched underground stem and was 
only slightly less effective when the underground 
stem was upright but forked two or three times. On 
trees with decumbent underground forked 
four to six times and deeply buried, a marked redue- 
tion in percentage of kill was obtained (Table 15). 


stems, 


TABLE 15. Effect of different forms of underground 
stem on percentage kill of mesquite. 





TREES 


Forms of Average 


underground stem Trees volume 

Treated Sprouted killed per tree 

Number Number Percent Quarts 
Simple, unbranched 32 1 96.9 1.40 
2-forked, upright 53 7 86.8 1.31 
3-forked, upright 132 19 85.6 1.39 
4-6 forked, decumbent 133 42 68.4 1.73 
Totals 350 69 1.46 


Thus, kerosene may be used effectively on both 
tree-like and the few-stemmed brush-like types of 
mesquite on those sites where the soils are porous 
and the character of the underground stem is either 
simple and unbranched or two to three branched and 
upright. Many-stemmed mesquite with extensively 
forked, decumbent and deeply buried underground 
stems usually requires an excessive volume of kero- 
sene to obtain effective kills. Digging away the soil 
from around the underground stem and then treating 
with kerosene has been highly effective but is too 
costly except under special conditions. 


OTHER CHEMICALS TESTED 

During the progress of these studies, other chemi- 
cals were tested in comparison with sodium arsenite 
and kerosene. 

The chemicals tested whose action on mesquite 
proved to be systemic and similar to sodium arse- 
nite, were sodium arsenate, sodium chlorate, am- 
monium thio-cyanate, ammonium sulfamate, sulfamie 
acid, and zine chloride. In the concentrations neces- 
sary to obtain equal results, none has definitely 
proved superior to sodium arsenite and all are more 
expensive. 

Oils and oil-soluble materials which proved similar 
in action to kerosene are fuel oil, diesel oil, waste 
crank case oil, gas oil, absorption oil, crude oil, aro- 
matic oil, sulfurous oil and oil-recovery sludge. The 
addition of oil-soluble chemicals, such as tetra-chloro- 
phenol, penta-chloro-phenol, di-nitro-cyclo-hexyl-phe- 
nol, and di-nitro-ortho-cresol, did not 
effectiveness of diesel oi], 


increase the 


kerosene or Kerosene 
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alone possesses sufficient toxicity to kill, provided it 
is applied to critical sprouting tissues. 

Field scale comparisons of kerosene and diesel oil 
applied at the base of mesquite trees in similar 
amounts have given almost equally effective kills 
(Table 16). These results indicate strongly that both 
of these oils are sufficiently toxie to give effective kill 
when properly applied. The choice of the oil to be 
used will depend on cost, availability, and ease of 
application. 


TABLE 16. Comparison of effectiveness of kerosene 
and diesel oil for mesquite eradication. 





| 
| TREES | 
| Average 
Kind of oil | | Trees volume 
Treated Sprouted | killed | per tree 
| Number | Number | — Percent | Quarts 
Kerosene 65 | 5 | 92.3 1.50 
Diesel oil [ - © = 5 ee 1.50 
| 


SUMMARY 


Studies of some of the factors affecting the action 
of water-soluble chemicals and oils in eradication of 
mesquite were made between 1939 and 1945 at Ama- 
rillo and Spur, Texas. 

Morphological studies showed that the dormant 
buds on the underground stems of mesquite, a 
sprouting shrub, must be destroyed in order to kill 
the plant. 

Factors affecting the action of water-soluble chem- 
icals and oils in reaching the dormant buds on the 
underground stems were studied on individual trees, 
small plots, and field-size areas. 

All materials tested were either systemie or local. 
Water-soluble substances, such as sodium arsenite 
were systemic chemicals, while the substances insolu- 
ble in water, like kerosene, functioned as local poi- 
sons. 

The movement of sodium arsenite takes place 
through the vascular system longitudinally with little 
or no tangential movement. Downward movement is 
restricted by the presence of living tissues in forked 
stems and also by areas of dead tissue between the 
point of application and the critical zone of dormant 
buds. The extent of penetration of sodium arsenite 
in plant tissue is directly related to the length of 
time it remains in moist contact with the sapwood. 

The sodium arsenite solution should be applied im- 
mediately after the sapwood is prepared to give 
effective results. 

A concentration of at least the equivalent of 4 
pounds of AseOs per gallon, applied as sodium ar- 
senite to the sapwood of the root crown was neces- 
sary to obtain sufficient penetration to give consist- 
ently a high percentage of kill. 
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Equally effective results can be obtained during all 
seasons of the year when the sapwood is properly 
prepared. 

The selection of a method of applying sodium ar- 
senite to sapwood to obtain successful kills should be 
made on the basis of the growth form of the mes- 
quite. 

Kerosene is a contact poison that must be placed 
directly in physical contact with the critical bud zone 
to kill mesquite. It does not move in the vascular 
system except by gravity action. 

The volume of kerosene necessary to kill mesquite 
depends on method of application, growth form, and 
the soil factors of texture and moisture content. 

Seasonal treatment with kerosene shows that mois- 
ture content in the upper foot of soil is probably of 
more importance than any physiological change 
within the plant. In general, the most successful 
kills were obtained during the summer when the 
surface soil was dry. 

Successful kills with kerosene were obtained on 
single to few-stemmed trees on porous soils with an 
average of one quart per tree. On heavy soils with 
many-stemmed mesquite, two quarts of kerosene per 
tree were necessary to give effective kills. 

Of the many water-soluble chemicals tested, none 
has been found that is more effective and economical 
than sodium arsenite. Kerosene, diesel fuel, and 
other petroleum oils were equal in their effectiveness 
and the choice among them depends on cost and 
availability. The addition of oil soluble chemicals 
did not increase toxicity or percentage of kill. 
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INTRODUCTION 


Forests cover considerable parts of the land sur- 
faces of the earth. They serve as shelter and food 
for various animals, and supply food, lumber, and 
other products that are essential for modern eivili- 
zation. The small animals that live in litter and soil 
are important for the maintenance of forests. In 
order to better understand those of the Duke Forest 
the writer has made observations for several years. 
The present paper is the result of routine studies 
made at regular intervals for one year. They ex- 
tended from September 1, 1944 to August 31, 1945. 

Grateful acknowledgment is made to Mrs. Betty 
Krathwohl, who served as assistant. She made 
weekly counts, kept records and capably attended to 
routine matters as only a fine, careful woman could. 
Thanks are also due to Dr. C. Clayton Hoff, who 
examined all of the Chelonethida collected, furnished 
identifications, and described two new species. Miss 
Elizabeth B. Bryant also examined and identified all 
the spiders. Miss Caroline Powell did the same for 
ants, and Dr. Nelle B. Causey for chilopods and dip- 
lopods. Dr. W. L. Wray counted and identified the 
Mr. Nathan Banks 
kindly identified representative mites, returned named 
specimens and described new species. Dr. T. H. 
Eaton, Jr., identified earthworms and described a 
new gcnus. Dr. Gerald Thorne identified nematodes. 
Dr. A. E. Michelbacher studied all the symphylans 
and returned identifications. Dr. H. B. Baker stud- 
ied the gastropods. Milton W. Sanderson identified 
certain staphylinids. Dr. C. F. W. Muesebeck and his 
colleagues identified representatives of 
sects. 


collembolans in four eolleetions. 


various in- 
Those who covered particular groups were as 
follows: W. H. Anderson, Scolytidae, Staphylinidae, 
Dermestidae; H. S. Barber, Ptiliidae, Scaphidiidae, 
Pselaphidae, Chrysomelidae; R. E. Blackwelder, 
Serropalpidae; L. L. Buchanan, Curculionidae; J. S. 
Caldwell, Cicadellidae; E. A. Chapin, Scarabaeidae, 
Seraptiidae, Nitidulidae, Pselaphidae, Staphylinidae; 
J. C. Crawford, Thysanoptera; W. S. Fisher, Cueuji- 
dae, Lathridiidae, Seymaenidae, Orthoperidae, Sil- 
phidae; A. B. Gahan, Eulophidae, Pteromalidae, En- 
eyrtidae; Grace Glance, Iapygidae; C. T. Green, 
Itonididae, Phoridae, Chloropidae; A. B. Gurney, 
Psocidae; Carl Henrich, Gelechiidae, Momphidae; 
Maurice T. James, Anthomyidae; Harold Morrison, 
Coccidae, Pseudocoecidae; C. W. Muesebeck, Bethy- 
lidae, Braconidae, Diapriidae, Calliceratidae, Ichneu- 
monidae, Selionidae, Eneyrtidae; R. I. Sailer, Ly- 
gaeidae, Cryptostematidae, Reduviidae; M. R. Smith, 
Formicidae; Alan Stone, Fungivoridae, Psychodidae, 
Tendipedidae; H. K. Townes, Psocidae, Perientomi- 
dae, Trogiidae; J. M. Valentine, Anthicidae; and L. 
H. Weld, Cynipidae. 


Brier REVIEW OF LITERATURE 


The small animals that live in the litter and soil 
of forests play an important role in converting fallen 
leaves, buds, twigs, dead roots, and other fallen parts 
of plants that constitute litter into humus soil. In 
this work they are of course helped by bacteria and 
fungi. Hursh (1928) says, 


‘<The forest builds up and fertilizes its own soil... . 
Four-fifths of the nutrients assimilated each year by 
forest trees are returned to the soil as leaves and de- 
tritus. .. The time required for adequate decompo- 
sition varies from one to many years. For the average 
of Southern hardwood forest conditions a period of two 
to three years is probably sufficient. ... It is believed 
that forests add to the soil more nitrogen than they 
remove. ... The carpet of leaves, twigs, bark, etc., has 
a marked effect upon the condition of the soil under- 
neath. Water content and temperature of the soil are 
particularly affected. Litter not only serves to absorb 
and retain moisture, it also tends to prevent too rapid 
transpiration from below and this serves to retard the 
drying of the surface soil. . . . Within the soil itself, 
decayed litter has an ameliorating effect upon the soil 
structure. When mixed with sandy soil, organic matter 
tends to increase water-holding capacity and to bind the 
soil particles together. In a heavy clay region, organic 
material renders the soil more friable, more permeable, 
better aerated, and consequently more favorable to plant 
growth. ... The annual return of leaf litter in a well- 
forested hardwood area may be considered as approxi- 
mately two tons per acre. From the best data available 
this amount of hardwood litter contains 25 to 35 pounds 
of nitrogen, 12 to 15 pounds of phosphoric acid, and 
5 to 7 pounds of potash. ... Decomposition of litter 
under a pure conifer stand is slow and incomplete.’’ 


In Europe Bornebusech (1930, 1932), Tragardh 
(1933), and Frenzel (1936) have made outstanding 
contributions to an understanding of the microfauna 
of the soil by the use of Berlese funnels for colleet- 
ing animals from litter and soil samples. In the 
United States Jaecot (1935, 1936, 1936a, 1940) has 
also contributed much useful information. Frenzel 
(1936) classifies soil animals as: (1) geobionts, 
which pass their whole lives in litter and soil; (2) 
geophiles, which are epigean during part of their life 
eyeles; and (3) geoxenes, which are accidental visi- 
tors in soil habitats. Frenzel found that mites con- 
stituted 42% and ecollembolans 30.9% of the geo- 
bionts, and many other investigators have obtained 
similar results. In dry soils, however, collembolans 
may exceed mites in numbers. King (1939) points 
out that “Soil insects are characterized by low mo- 
bility, low resistance to extremes of physical factors, 
low susceptibility to natural enemies particularly 
specific parasites and disease, and by a high propor- 
tion of facultative saprophytes, or predators and 
general feeders.” Soil insects in general tend to be 
more abundant near the surface, but a few species 
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regularly dwell at deeper levels. Earthworms, chilo- 
pods, diplopods, mites, collembolans, and proturans 
are typical geobionts. Many insects are gecphiles or 
geoxenes. Certain types of the inhabitants cf soils 
are primitive. The chief distinction betwecn soil an | 
water as habitats is that the former requires respira- 
tion in air and involves some danger from desicea- 
tion. Soil affords a retreat where inhabitants live in 
an atmosphere that has a high concentration of water 
vapor, where speedy and extreme changes ‘n 
perature and desiccation from strong air currents 
are not possible. 


tem- 


Soil “is a harmoniously organized dynamie system, 
minutely coordinated with its environment ineluding 
geological history, climate, relief, and biological pres- 
(Nikiforoff 1941). 

Humus may constitute 1 to 20% of soil. It 
is .ransitory and ultimately breaks down into e¢ar- 
bon dioxide, water, ete., and hence must be contin- 
ually renewed. 


sure” Pedogenie processes are 


eye te. 


Every soil has horizons at various 
levels and these differ somewhat in 
(Fig. 3). Every soil has texture, which depends on 
size of particles; also has porosity, pore spaces; 


various types 


structure; consistenee; color; ete. Pedologists often 
speak of mor and duff. 
incorporated organic matter, often matted or eom- 
pacted in its deeper layers; the latter is a humus 
layer that consists of mixed organie and mineral mat- 
ter (Heiberg & Chandler 1941). “Mull soil is made 
up chiefly of worm castings and arthropod feces” 


The former consists of un- 
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( Jaeot 
guishable: 


1936a). Three types of feces are distin- 
(1) coarse, from earthworms; (2) fine, 
from mites and ecollembolans; and (3) intermediate 
from millipeds, small earthworms, epiphytic cater- 
pillars, ete. Soils contain numerous channels made 
by small animals. These often follow the course of 
living or dead roots. 


METHODS 


Four stations in the Duke Forest were selected for 
collecting samples. The first station was on stony 
clay soil in a stand that consisted largely of white 
oak (Quercus alba L.), uneven-aged but containing 
many large, old trees. 
the forest. The second was also on stony clay across 
the road from the first in a 75-85 year old stand of 
loblolly pine (Pinus taeda L.). The third was across 
the road from the stone entrance gate to Duke Uni- 
versity on sandy soil in a 35-55 year old stand of 
white oak and post oak (Quercus stellata Wang.). 
The fourth was near the third on sandy soil in a 
115-125 year old stand of shortleaf pine (Pinus 
echinata Mill.). 

Twelve collections were made each week and four 


This was opposite Gate 7 in 


collecting trips were made each month so there were 
12 X 4 X 12 = 576 samples taken between Septem- 
ber 1, 1944 and August 31, 1945. The collecting 
equipment used has been figured and deseribed in 
this journal (Starling 1944; 14:298, Figs. 4-9). In 
each locality one square foot of litter was carefully 
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placed in a large glass jar with a serew top; then in 
the same spot a steel cylinder (Fig. 4) was driven 
into the soil to a depth of two inches and a metal 
plate (Fig. 7) slid under it; and then another metal 
dise (Fig. 5) was driven to a depth of five inches 
below the surface and removed on a metal plate. 
Thus samples were collected as litter, soil 0-2 inches 
deep, and soil 2-5 inches deep from each locality. 
In the laboratory each sample was placed on the 
sereen of a Berlese funnel (Starling 1944, Fig. 10) 
with a light above it, and left for three days. The 
sereen had 16 meshes per inch. Many of the small 
animals left the soil and fell into the bottle of 70% 
aleohol and glycerine below the funnel. 

The contents of each bottle were poured into a 
Petri dish with a graduated bottom and counted un- 
der a binocular dissecting microscope. If there were 
too many animals to count in a sample, it was divided 
among two, three, four, or more dishes. As counts 
were made each type of animal (except mites) was 
picked out and sorted into a vial of 70% alcohol that 
rested in a hole in a 2 X 4 inch timber. The timber 
contained twenty holes and vials. The vials were 
filed in order and later the animals in them were 
again studied; some were mounted on microscopic 
slides; and many were sent to specialists for identi- 
fication. 

Each time collections were made in the field tem- 
peratures were taken, in the air an inch above the 
litter and five inches below the surface of the soil 
(Fig. 1). Also soil samples were collected in tight 
metal cans (Starling 1944, Fig. 6). These were 
weighed, placed in a drying oven at 105° C. for 48 
hours and weighed again. Thus the percentage of 
water in the soil (Fig. 1) was determined. The Water 
Department of the City of Durham, N. C. kept daily 
records of rainfall and air temperatures at distances 
of 1.5 and 2.0 miles from the localities where the 
writer’s samples were collected. These records are 
also summarized by months in Figure 1 (D). Each 
time collections were made determinations of pH 
were made on soil samples taken less than one inch 
below the surface. These are summarized by months 
in Figure 2. It will be observed that the soil be- 
comes less acid in reaction during cold weather and 
is more acid during the warmer months. In general 
there was more soil water and a less acid condition 


€0 6.0 
59 53 
58 5% 
54 Mean pH 5.7 
35.6 5.6 


55 S45 55 
Sept Oct. Nov. Dec. Jan. Feb. Mar. Apr: May June July Aug, 
Fig. 2. Hydrogen-ion concentrations in the soil of the 

Duke Forest, one inch below the surface; September 1, 

1944 to August 31, 1945. 
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in winter than in summer. The lowest pH recorded 
was 4.5 and the highest was 7.0. 
OBSERVATIONS 

NUMBERS OF ANIMALS COLLECTED AND DISTRIBUTION 

The number of various animals collected by the 
writer are shown in Table 1 and certain of them are 
represented graphically in Figures 4-9. In the table 
they are arranged in order of abundance. The mid- 
dle column indicates the number actually collected 
and the last column roughly shows the computed 
number per acre. Some of the figures apparently do 
not agree as to order. This is because one square 
foot of litter was collected and the metal rings that 
were driven into the soil to collect the 0-2 in. and the 
2-5 in. samples collected only 0.66 of a square foot. 
The types that were more abundant in soil (Iapygi- 
dae, Protura; Fig. 8) therefore show greater height 
for the 0-2 and 2-5 inch columns in the figure. The 
figures (4-9) have all been corrected to make the 
columns for collections from 0-2 inches and 2-5 
inches comparable to those from the square foot of 
litter, but the numbers on each figure represent actual 
collections. 


TABLE 1. Number of animals collected and number 
per acre. 

















Animals Number Collected Number per Acre 

GR csi ctbcactnawaruagiekie 223 , 542 89 ,602 ,920 
NS coda seve ddan 103 ,592 28,052,640 
Thysanopterans............. Bre 6,181 1,437,480 
ES Se 3,517 888,224 
BM oc woxevaanonesds nore 2,304 662,112 
IIR osionesib-pran seta ardare e000 2,232 601,128 
EE hs Oh s ostnre onan wodeeern 1,644 546,417 
Chelonethids.............. Bees 2,192 518,364 
IN 5 osc 6bis dG-o09 1,304 414,142 
Insects, various........... ee 1,625 409 464 
PIB ay ois 200. v9.5 wewnces Pe 1,637 387 ,972 
MNES 2 cchiedensculeicee. a 1,583 372,177 
DIE: vc enteccvesvese ‘ 621 176,853 
fee Pattie 501 138,085 
Earthworms.................. 384 90 , 604 
, skeied 127 44,779 
SG bs wiaxdn cto eine ; 24 19, 166 
Nematodes............. ‘ 13 3,332 
PING 0 56x54. bon teen awn 3 797 

- eae = 353 ,026 124,266,656 





Some of the numbers in Table 1 doubtless do not 
indicate the comparative number of animals that oc- 
curred in the sample collected. For examples, only 
thirteen nematode worms were secured and _ they 
probably were present by thousands but did not go 
from the soil, through the sereen, and into the bottle 
below the Berlese funnels. Some animals (some 
earthworms, insects, myriapods, snails, ete.) were 
too large to pass through the apertures (6 in.) in 
the screen. Others (some spiders) ran over the edge 
of the screen and escaped. However the figures in 
the table as far down as earthworms probably give a 
fairly accurate estimate of the comparative numbers 
of animals present. 
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OAK on LAY 





Fig. 3. 


The relative number of typical animals that oe- 
curred at various depths is shown in Figures 4-9. 
Spiders (Fig. 4), chelonethids (4), chilopods (5), 
diplopods (5), mites (6), collembolans (6), insect 
larvae (7), various insects (mostly geophiles) (7), 
thysanopterans (7), proturans (7), earthworms (9), 
and ants (except in pine on sand) were more abun- 
dant in litter than in soil. It must be kept in mind 
that the earthworms and miscellaneous insects were 
small specimens that could pass through an aperture 
Ye in. in diameter. On the other hand, iapygids 
were always more abundant at the 2-5 in. depth than 
in the litter or the 0-2 in. stratum (Fig. 8), and 
symphylans (8) and pauropods (8) usually showed 
similar vertical distribution. 

A little more detail on vertical distribution may be 
desirable (Figs. 4-9, Table 2). It may be said that 
the animals indicated in stands of oak on elay, pine 
on clay, oak on sand, pine on sand were about the 
most representative. In litter collembolans were 3 
to 15 times as abundant as in deeper layers; corro- 
dentians 2-4; thysanopterans, 15-50; heteropterans, 
6; coleopterans, 6-7; hymenopterans, 8-30; ants, 2; 
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Profile of litter and soil in the Duke Forest to show characteristic animals. 


dipterans, 4-6; insect larvae, 6-15; spiders, 13-46; 
earthworms, 8-15; chilopods, 6; diplopods, 33-87; 
mites, 2.6-6; chelonethids, 5-24. In the stratum 0 
to 2 inches below the litter the staphylinid beetle, 
Mayetia sp., was characteristic in sand (2), but in 
clay frequented the 2-5 ineh stratum (3). In the 2-5 
inch stratum iapygids were 2-3 times as abundant as 
in litter, and in the 0-5 ineh stratum 10-21. Sym- 
phylans showed a similar distribution but in oak on 
clay were most abundant in the 0-2 inch stratum; in 
the 0-5 inch stratum they were 2.3-6 times as abun- 
dant as in litter. Pauropods showed a similar dis- 
tribution and were always more abundant in soil than 
in litter. 

If the total figures in Table 2 for depths of 0-2 
inches and 2-5 inches are multiplied by 1.5 to make 
them comparable to the animals collected in litter 
the percentages of animals at different depths may 
be computed as they are given in Table 3. More 
animals are present in the litter in pine stands on 
clay; more in the soil in oak stands on sand. Table 3 
shows that in oak stands on sand there were almost 
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as many animals in soil as in litter, and in pine 
stands on sand there were somewhat more animals 
than in clay. Where there was least soil water (Fig. 
1) animals were in general deepest in soil. 

On and in elay soils thysanopterans were 1.5 times 


TABLE 2. Comparative abundance of animals in dif- 
ferent habitats. Actual numbers collected are shown. 
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as common as on sand. Diplopods (2+), pauropods 
(3), ecollembolans, insect larvae, and earthworms 
showed similar distribution. On and in sand ants, 
symphylans, snails, beetles, and spiders were more 
abundant. In oak stands the animals that occurred 
in numbers greater than those in pine were insect 
larvae, thysanopterans, chelonethids, collembolans, 
earthworms, symphylans, and diplopods, snails, pro- 





















































Oak - Clay Pine-Clay turans. In pine stands those that exceeded those in 
ie sania — oak were homopterans, ants, and certain beetles 
Lit. | 0-2 2-5 Lit. | 0-2 2-5 (pselaphids, Tomoderus sp., Baeocera sp.). 
[——n SES EOS aE RS BEE O » whole there is ah difference i 
ie "| 40,000} 8,800| 1,085 | 40,716 | 7,900 | 1,038 n the whole the re is not much difference in the 
Collembolans. . .. 20,817 | 3,658 695 | 12,321 | 3,113 so7. total number of animals collected (Table 2) from 
Thysanopterans......| 1,912 77 18 | 1,054 80 71 clay (159912) as compared with sand (193112), or 
Insect Larvae........) 1,183 ad Ss; «2; 56s with oak (185727) compared with pine (177297) ; al- 
0 290 103 66 275 190 55 : : a 
Saale 735 101 78 53 36 as though the animals in oak (51%) and on sand 
Chelonethids........ 602 106 19} 293 45 13. (53%) are somewhat in excess of those in pine and 
lapygids. .. . . eee 37 96 255 37 114 318 on clay. Iapygids were slightly (52%) more com- 
g rlans 7 ¢ y . 
enen....-.--. - ” sed « - 84 mon on sand, as were symphylans and spiders. The 
Insects, various. ..... 434 36 41 254 58 40 “ ie i “i 
aie ...,.<+ 478 21 1 650 > F last two are typical soil and surface types. 
Spiders..............| 282 39 1 320 27 1 
Pauropods......... 63 160 39 58 67 74 SEASONAL DistTRiIBUTION oF LITTER AND Som. ANIMALS 
re 84 43 12 62 35 8 ul 2 J 4 
wie ....... 152 9 3 67 6 1 In general the number of microscopic animals col- 
Termites............ 7 2 10 2 75 0 leeted in the Duke Forest inereased (Figs. 10, 11, 
ni cveveesneees ¢ : : : ; : 12; Table 4) when soil was moister (Fig. 1) and 
ematodes.......... . ( e alkali No. 2 animals that lived i 
as... Q 9 ° : 9 more alkaline (Fig. 2), but the animals that lived in 
soil (Iapygidae, Symphyla, Pauropoda) were less 
MOAN os ctsccnie’ 49,173 | 13,366 | 2,391 | 62,628 | 11,425 | 2,999 influenced by such variations than those that were 
82,860 77,052 characteristic of litter (Figs. 10, 11). After a dry 
159,912 summer (1944) there were fewer animals than after 
" a rainy summer (1945). Predacious animals, such as 
shelonethids (Wie. > general surface foragers 
Prarer | Nac cited chelonethid (Fig 1), on general surface foragers, 
such as ants (Fig. 11), showed little variation with 
Lit. 0-2 2-5 Lit. | o2 | 25 seasons, but the former, at least, were fewer in win- 
ay ese | ter when soil moisture was high and temperatures 
Mites. .. . ..---.| 40,072 | 12,711 2,589 | 53,827 7,537 | 1,410 rere low 
Collembolans........| 15,127 | 14,443 | 848 | 15,827 | 15,556} 530 Were low. 
Thysanopterans......| 1,829 16 6 | 1,100 | 13 5 
Insect Larvae........ | 866 128 44 421 | 52 | 16 TABLE 4. Average number of animals that were col- 
Se 284 180 25 229 | 299 | 308 lected on a single day during each month in the Duke 
Proturans........ 355 93 107 213 | 246 | 116 Forest. 
Chelonethids.........| 686] 104] 37] 268; 18/1 
lapygids........ | 23 68 299 18 | 92 287 | | | 
Symphylans. . . 120 225 288 42 | 119 | 133 Oak - Clay| Pine - Clay|Oak - Sand/Pine - Sand) Average 
Insects, various......| 264 48 39 a 2) 4 Se oo = = =a eure ae 
Diplopods......... | 172 16 10 272 3 | 4 September....... 1,967 1,162 3,603 2,000 2,182 
Spiders............ 447 27 1 469 | 4 | 5 Ss xisceccc see’ | 4,897 5,244 5,058 | 3,815 4,754 
Pauropods | 19 14 1 is| 26 75 November ......... 5,523 6,345 7,862 | 7,304 6,759 
Chilopods. . . 3 43 24 so} 25 10 _December.......... 7,714 9,301 7,850 | 10,971 8,959 
Rerthworms......... 58 7 0 77 | 1 | 3  January............ | 7,470 6,791 6,869 | 11,131 8,065 
Termites............ 4 0 2 1 | 0 | 24 |: Seen 6,704 10,391 6,711 | 6,986 7,698 
i 14 0 0 4] 0 0 ME cies bes eines |} 9,268 | 7,475 7,125 | 11,267 8,783 
Nematodes.......... 0 0 0 1| 1 | 0 | ee 8,386 6,583 7,950 | 7,471 7,598 
Phalangids....... : 0 1 0 1 | 0 | 0 Een sare | 6,824 5,872 8,838 | 4,627 6,540 
es ee ee ee | 6,700 | 4,470 | 6,484 | 11,196 | 7,213 
Total...... 60,413 | 28,124 | 4,330 | 73,186 | 24,034 | 3,025 July...............] 7,800 7,369 5,384 4,469 6,256 
¥ PI 5 craic ddevns | 10,035 7,417 6,167 7,100 | 7,680 
92,867 100,245 | a 
193,112 Average............ 6,942 | 6,535 | 6,658 | 7,361 | 6,874 
TABLE 3. Percentages of animals that occurred at various depths in the Duke Forest. 

Oak - Clay Pine - Clay Oak - Sand Pine - Sand Average 
ee ee hp ee eh PE ER MEER | ORE Rey | 
Lit. | 0-5 | 0-2 | 2-5 | Lit. | 0-5 | 0-2 | 2-5 | Lit. | 0-5 | 0-2 | 2-5 | Lit. | 0-5 0-2 | 2-5 | Lit. | 0-5 | 0-2 | 2-5 
——— | —__ PS Sk Sse ee Seer: = | aes SEaReeee See | are 

| a ies 
6 | 32/27 | 5 | 74 | 26 | 21 | 5 | 55 | 45 | 39 | 6 | 66 | 34 | 30] 4 | 65 | 35 | 30] 5 
| | | | | | 
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TABLE 5, Chelonethida. 
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Identified by C. C. Hoff. 





| | 


















































Clay - Oak Clay - Pine | Oak - Sand Pine - Sand Total 
as fee ees D 7 
ie | —}———-}+— 
| Lit. | 0-2 | 2-5 | Lit. | O02 7 2-5 | Lit. | 0-2 | 2-5 | Lit. | 0-2 | 2-5 
a | SS ee re haat —— i— SS 
Apochthonius moestus | 266 | 48 | 13 | 39 23 | 2 | 322 | 42 | 5 | 18 0 | 0 | 
(Banks) | . ie | ee) Se | | | Pras 
| | 
| 327 64 369 18 | 
_— — = | | ——— ————— = 
| Pps | | 
Kewochthonius paludis 235 25 2 126 15 3 234 | 26 4 | 144 6s i @ 
(Chamberlin, J. C.) Par nee | Z f | | 
| 262 144 264 159 829 
Microbisium brunneum 75 0 0 122 | 5 2; 91 6 2 85 | 1 | 0 
(Hagen) : if | hots ere | eae 
75 129 | 99 86 389 
a ce eee = a ar —— ee 
Microcreagris lata 22 30 | 3 1 2 6 28 28 26 1 1 | 1 
Hoff eat pay 2 a ae ; | hae 
55 9 82 3 149 
Heterochthonius multispinosus 4 3 0 5 0| O 11 2 0 0 0 0 
Hoff a phe | ee Ge = ; ie, Cee, eohti 
7 5 13 0 25 
Chthonius tracheatus 0 0 0 0 | 0 0 0 0 0 20 | 1 | 0 
(Preyssler) Te) Res TS. Sa ceee | a | eee ae Ce, ee 
0 0 0 21 21 
a ee eee i a avin wa ee a ] “| 
Mundochthonius sp. 0; oO 1 0 0 0 0 0 0 0 | 0 | 0 
| | ree 
1 0 0 0 1 
Totals 602 | 106 19 | 293 45 13 | 686 | 104 | 37 | 268 18 | 1 
EE = = angen = 2 a _ — = “7 
727 351 827 287 2,192 
| 
Soil temperatures were lowest (4-8° C.) during  pauropods, and symphylans. Those that reached a 


December to February and highest (16-22° C.) dur- 
ing June to August. Soil water was highest (18%) 
in winter and lowest (6-16%) in autumn. Rainfall 
was least (7-15 in.) in spring and most in summer 
(13-43) and autumn (10-46). The following animals 
showed largest numbers at the seasons indicated: 


Winter and spring: collembolans, mites, myriapods. 
Spring: spiders, ants, thysanopterans. 

Summer: chelonethids, pauropods, symphylans. 
Autumn: beetles. 

Winter: proturans, insect larvae. 

Autumn, spring, summer: iapygids. 


Those that increased with soil moisture were: e¢ol- 
lembolans, mites, myriapods (especially polyxenids), 
proturans, and insect larvae. Those that increased 
with higher temperatunres were beetles, chelonethids, 


maximum with rising temperatures in spring were 
spiders, ants, and thysanopterans. Some of these 
maxima were doubtless more or less independent of 
environment and due to inherent qualities in the 


animals themselves. For example, many geophilic 
insects passed the winter as larvae in soil and 
emerged as imagoes in summer or autumn. Geo- 


bionts showed some segregation in their seasonal ac- 
tivities. Collembolans, mites, proturans, and myria- 
pods were most prevalent when soil moisture was 
high; thysanopterans, ants, and spiders were most 
numerous when temperatures were rising and food 
was increasing; chelonethids, pauropods, and sym- 
phylans were most numerous when temperatures were 
high. Iapygids appeared to be present and active 
to some degree at all seasons. They live in the soil, 
below freezing temperatures. 
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OCCURRENCE AND DISTRIBUTION OF CER- 
TAIN PARTICULAR TYPES OF ANIMALS 


The writer has been fortunate in having many of 
the specimens that were collected examined and iden- 
tified by specialists. As the distribution of these is 
known in detail they will be discussed more fully 
than in preceding sections. 

CHELONETHIDA.—Chelonethids in general showed a 
decided preference for oak forests instead of pine 
(Table 2, Fig. 4). However, Chthonius tracheatus 
was found only in a pine stand on sand (Table 5). 
Three species were common and three were uncom- 
mon or rare. 
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CLAY SAND 
Fig. 4. The comparative numbers of spiders and 


chelonethids in litter and at depths of 0-2 and 2-5 inches 
in the soil of the Duke Forest. 


ACARINA.—The 223042 mites collected were mostly 
oribatids. Numbers in single samples ranged from 
0 at depths of 2-5 inches to 2714 in a sample of litter. 
The general distribution is shown in Figure 6. In 
litter 81% occurred; in the pine stand on sand, 28% 
and in oak stand on clay, 22%. The distribution was 


therefore fairly uniform. 
The names of those identified by Nathan Banks 
will be found in the appendix to this paper. It was 


not possible to identify and count particular species. 

ARANEIDA.—Nearly sixty species of spiders were 
collected (Table 6). In a letter Miss Brvant said: 
“I am surprised at the number of specimens of 
Dictyolathys maculata Banks. 
in the south as Microneta cornupalpis (Cambridge) 
is about here” (Massachusetts). D. maculata made 
up 78% of all the spiders collected (Table 6, Fig. 4). 


It must be as common 


TABLE 6. 
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Spiders. Identified by Elizabeth B. Bryant. 





Agelenidae 
Cicurina complicata 
C. arcuata 
Coelotes sp. 
Amaurobiidae 
Amaurobius sp. 
T itanoeca brunnea 
Anyphaenidae 
Anaphaenella sp. 
Argiopidae 
Singa sp... 
Clubionidae 
Anyphaenella sp. 
Castianeria sp. 
Clublonia sp. 
C. severeni 
Phrurolithus sp. 
P. singularis. . 
Phrurotinpus sp. 
P. alarius 
P. certus 
P. palustris. . 
P. umbratus. 
Dictynidae 
Dictynia sp. 
Dictyolathys ‘emedite 
Erigoninae.... . : : 
Gnaphosidae......... 
Drassylus sp....... 
D. variegatus......... 
Hahnidae 
Hahnia flaviceps. .. . 
Emerton 
Prosthesima sp. 
Linyphiidae. .. . NG 
Bathyphantes sp... .. . 
Ceraticelus laetabilis .. . 
C. laticeps..... 
C. minutus 
Ceratinella fran. 
Ceratinopsis interpes. 
C. nigripes 
C. purpurescens...... 
Cornularia sp....... 
Grammonota sp... .. . 
Lophocarenum sp. 
Microneta viaria. . . 
M. persoluta 
Originates rostrata. . . 
Seylaceus pallidus 
Tmeticus sp.......... 
Lycosidae 
Lycosa sp... . . 
Pardosa sp... . 
Pirata sp. 
Salticidae . 
Icius sermaculatus 
Metaphyudippus 
canadensis. . . 
Neonella vinnula 
Sitticus sp. 
Talavera minusculus 
Theridiidae 
Thomisidae. . 
Ozyptila sp... 
Micro. 
Unknown 















































Oak - Clay |Pine - Clay| Oak - Sand |Pine - Sand 
Lit.|0-2/2-5| Lit. |0-2|2-5) Lit.|0-2/2-5| Lit.|0-2/2- 
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ll 1; 19} 3 17| 1 7 
232} 39) 11/320) 27; 1/447) 19} 3/370) 4) 5 
282 348 469 379 
a 630 848 
751 727 
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It is a dietynid. Of these Comstock says: “The 
numerous members of this family are for the most 
part small spiders which live on plants, in leaf mold, 
or under debris on the ground. Our largest species 
measures about one fourth ineh in length. The diety- 
nids construct irregular webs consisting of a frame- 
work of plain threads supporting an irregular net- 
work of the hackled band.” Some elubionids (Phru- 
rolithus, Phrurotimpus, ete.) “live on the ground, 
der stones or rubbish or in moss.” 


un- 
The genus Pirata 
“ineludes spiders of small or medium size, which . . . 
live in damp fields.” Salticids, jumping spiders 
(Neonella, ete.), are active predators which spin no 
webs. Somewhat more spiders occurred in oak stands 
on pine than in other areas studied. 


CuILopopaA.—Centipedes never occurred in large 


numbers and many that came through the sieves were 


TABLE 7. Chilopoda. Identified by Nelle B. Causey. 

















Oak - Clay |Pine - Clay] Oak - Sand [Pine - Sand 
7 "| Sic = Total 
Lit.|0-2|2-5]Lit.|0-2| 2-5 Lit. |0-2|2-5]Lit.|0-2|2-5 
Arenophilus watsingus 15} 18} 4] 6) 8) 2] 9} 9) 17) 11] 10) 7 
37 16 35| 28 117 
Cryptops hyalinus 21; 3) 3] 1 1] 3 
27| 1| 1 | 3] 32 
Garibius carolinae 1 1 2 
Geophilus carolinae | 4 . 2 7 
Geophilus legiferens | 4 2 3 
Geophilus mordaxr 1 Focal 1 2 4 
Geophilus varians. . . 1 3} 1] 1 6 
Gnathomerium 8} 11 7} 2) 1) 15] 18} 1) 6] 4 
umbraticum 19} 10} 34 10 73 
Julidae juv. 3 9} 1 5) 4 15 37 
Llanobius chamberlini 2) 1 1} 2 1 2 13 
Llanobius bidens 1} 3] 2 4 
Linotenia branneri 5 2 7 
Linotenia chinophila 2 2 1 5 
Linotenia fulva. . . 3) 2 1 6 
Lithobiid juv. 6 1} 6] 6) 1]13) 4 7; 2 46 
Nadapius saphes 2 ; 1 3 
Nampabius mycophor 1} 1 2 5 6} 1 16 
Nampabius pinus 6| 2 1 8 17 
Otocryptops sexspinosus 7| 2 3 4 12} 2) 1 31 
Pachymerium 
Serrugineum 1 1 2 
Paitobius carolinae 1 1 2 
Paitobius zinus 2) 1 2 1 1 7 
Parajulus 
pennsylvanicus 1 lj i} 1 4 
Pleurogeobius varians 3 1) 1 1 6 
Polydesmus serratus 1 1 
Ptyoiulus pennsylvanicus | 1 
Scytonotus granulatus 2 1 1 1 : 5 
Scolopocrypto ps 
serspinosus 1 1 
Serrobius pulchellus 1} 2 2| 6 1 1 13 
Sogona sp. 2 2 
Sozibius sp. 1 1 
Sozibius tuobukus 2 2) 1 5 
Taidabius suitus I 1 2 
Taidabius tivius 1 1 
Theatops posticus 2} 1 1) 1 1 6 
Xenobius cryptus 1 2 1} 1 5 
Unknown 4 1 5 
Total 84) 43) 12] 62) 35) 8] 73) 43) 25] 82) 25) 10] 502 
139 105 141 117 502 
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juveniles. Of the 36 species encountered (Table 7, 


Fig. 5), 7 made up 68% of the 502 individuals. 
Arenophilus watsingus (23%) was most abundant 


and centipedes that belonged to the following genera 
also occurred in considerable numbers: 
rium (14.5%), Nampabius (6.5), Cryptops (6.3), 
Otoeryptops (6.1), (2.6), and juveniles 
lithobiids (9). As for spiders there were a few more 
centipedes in the oak stand on sand; and an almost 
equal number in oak on clay. However both these 
predators and spiders were rather evenly distributed. 


TOTAL 2/3 
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Fig. 5. The comparative numbers of chilopods and 
diplopods in litter and at depths of 0-2 and 2-5 inches 
in the soil of the Duke Forest. 


Gnathome- 


Serrobius 


$0 


> 
So 


ts 


° 


3S 


DieLopopa.—Nearly 99% of the millipeds 
sisted of one species, Polyxenus fasciculatus (Table 
8, Fig. 5). More millipeds occurred on clay (70%) 
than on sand and a few more (58%) in pine than in 
oak stands. In all there only nine species. 
Probably others were present but failed to pass 
through the sieves. Causey (1940) found 45 species 
of diplopods in the Duke Forest. 
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Fig. 6. The comparative numbers of mites and col- 
lembolans in litter and at depths of 0-2 and 2-5 inches 
in the soil of the Duke Forest. 


TABLE 8. Diplopoda. Identified by Nelle B. Causey. 























Oak - Clay |Pine - Clay] Oak - Sand |Pine - Sand 
i i ee ai i y) |. |Total 
Lit|o-2|2-s}Lito-2|2-s}tico-2/2-s]Lit|0-2|2-5 
Arctobius marginatus 1} 1 : 2 
Brachyiulus pusillus. . 2 : 2 2 1 7 
Cambala annulata eee or 1 2 
Fontarid juv. ; |. } 1 1 2 
Nipoiulus minutus = 1 1 
Ptyoiulus pennsylvanicus | | 1} 1 8 
Polyzenus 474| 20) 11650] 6| 2168) 14) 7)271) 2| 31,612 
fasciculatus ; 1495} |658| 189) 276 1,618 
Scytonotus granulatus | are eae Bes 1 
Spirostrephon lactarium | 1 1 
Unknown ’ |---| | 1} : 1 
| | | 
esate . = —|-——|-—|-|—|-—_|_|-|— | ee 
a 478} 21} 1/850) 7} 3]172) 16) 10272) 3) 4)1,637 
a ae, Ee ee SEE: Se aR a Ae 
500 660 198 279 {1,637 


OBSERVATIONS ON THE MICROFAUNA OF THE DuKE Forest 137 


ProturA.—The writer attempted to identify the 
2232 proturans collected. All seemed to belong to 
the species Eosentomon pusillum Ewing, but he is 
by no means certain that this is the ease. More than 
twice as many occurred on oak as on pine stands 
(70%, Table 2, Fig. 7), and the smallest number in 
the pine stand on elay (5%). 
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Fig. 7. The comparative numbers of insect larvae, 
various insects, thysanopterans, and proturans in litter 
and at depths of 0-2 and 2-5 inches in the soil of the 
Duke Forest. 


Pavuropopa.—Of the five species of pauropods 
Pauropus carolinensis was most abundant (Table 9; 
Fig. 8, 30+%). Many specimens were mutilated or 
so juvenile that they could not be identified. Nearly 
three quarters (73%) eame from clay and a slight 
preponderance (52%) from pine. Starling (1944) 
found “five times as many .. . in oak humus on clay 
soil than .. . in pine stands on sandy soil.” 

SymMpHyLA.—A. E. Michelbacher is working over 
all the symphylan collections. He has found the 
following genera: Scutigerella, Hansenilla, Symphy- 
lella, Symphylellopsis, and Geophilella. In a reeent 
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TABLE 9. Pauropoda. 
| Oak - Clay Pine - Clay Oak . Sand Pine - Sand Total 
Lit. | 0-2 | 2-5 | Lit. | 0-2 2-5 | Lit. a 0-2 25 | Lit. 0-2 » | 2 Lit. | 0-2 | 2-5 | Gr 
Ee ae |_| ——_|——_| —___|___|— SREY SARIS BEAL basi $$ |_| —__|_—_}|___ 
Brachyporopus pearsei. . . 8 18 7 3 | ry} °o aa 6 4 | 17 | 23 | 16 6 
Euryparopus spinosus... . Site} 2 SS een ees eee eee eee i ee 6: 54; 2) & 
Pauropus carolinensis . . . 2 41; 5 36 | 37 | 36 11; 4 2 a 9} 38 §2 | 91 81 | 224 
Pauropus causeyae....... 3 5} 4 te | SD iicoskh) ss seit apes 4) 12 2) 1s 
Pauropus dukensis...... HM} 8) 2 Z| GI 2 aot. ek oo (Ae ee 14) 17| 19 00 
Unknown. aan 21 20 35 18 | 19 | 30 3) Oi 7 14 6 | 20 66 | 55 92 | 213 
— ———— a SSS a 2 ——S ee aS SS Ss Sf) Sie) Ee Sel" 
Totals 50 | 145| 51| 61| 67 | 78| 24| 16] 10| 24] 24| 72 | 159 | 252 | 211 | 622 
| ee 246 206 50 120 622 | 622 





Total:36488 
Clay 1685; Sand /8'74 Oak 1906; Pine l66l 
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Fig. 8. The comparative numbers of symphylans, 


pauropods, and iapygids in litter and at depths of 0-2 
and 2-5 inches in the soil of the Duke Forest. 


letter he says, “There is only one species that I am 
certain of and that is Scutigerella causeyae. In the 
material I have looked at I have encountered a num- 
ber of new species.” The distribution of the total 


number of symphylans collected is shown in Table 2 
and Figure 8. Over 70% of the symphylans col- 
lected came from sandy soil; 49% from oak on sand. 

CoLLEMBOLA.—AlIl collembolans were not identi- 
fied. Some specimens were sent to H. B. Mills, who 
returned identifications, and D. L. Wray counted 6 
lots collected on November 25, December 2, 9, 1944; 
January 6, 13, and February 24, 1945. Forty-four 
species and 1825 individuals were counted (Table 11, 
Fig. 6). Onchiurus was most abundant 
(63%) and Lepidocyrtus cyanellus anescens was also 
quite common (14%). 


subtenwuis 


[APYGIDAE.—Six or more species of iapygids were 
collected from the forest floor. Of these Parajapyx 
minimus was abundant (93%; Table 10, 
Fig. 8). 


most 


’. Crawford identified and re- 
turned certain thrips slides that were sent to him, 
and Mrs. Krathwohl with these for reference then 
worked over the first hundred collections from the 
Duke Forest with the results shown in Table 9. It 
will be observed that at least 61% belonged to one 
species (Hoplothrips pergandei). Trachythrips wat- 
soni was also quite common (21+%). At the bot- 
tom of Thysanoptera section in Table 10 the total 
number of thrips collected is shown; 62% occurred 
on oak, 52% on elay. 





Termitidae—Only 127 termites were collected and 
most of these could not be identified because they 
were workers or immature individuals. Only eleven 
samples contained termites and the number collected 
in a single sample ranged from 1 to 75, so the figures 
n Table 10 are not significant. 

CAMPoDEIDAE.—On January 6, 1945 three cam- 
podeans were collected from the oak stand on clay 
at a depth of 2-5 inches. These apparently were 
Campodea fragilis Meinert. 
June 9, 


Libia minor L., was collected from the oak stand on 


Dermaptera.—On 1945 a single earwig, 
sand at a depth of 2-5 inches. 

32 bugs were collected. These 
were mostly lygaeids (Table 10). 


HETEROPTERA.—Only 


Homoprera.—Few homopterous bugs were col- 
lected: 24 cicadellids and 11 coccids (Table 10). 











zraphs 
, No.2 


ble 2 
. ¢ol- 
sand. 
lenti- 
. who 
ted 6 
1944; 
-four 
le 11, 
idant 
; also 


were 
apyx 


10, 


d re- 
him, 
then 
n the 
| 
>» one 
wat- 
 hot- 
total 
urred 


1 and 

they 
leven 
lected 
oures 


cam- 
clay 


were 


rwig, 
nd on 


These 


col- 
































April, 1946 OBSERVATIONS ON THE MICROFAUNA OF THE DUKE Forest 139 
TABLE 10. Insecta. TABLE 10. (Continued) 
Oak - — Pine - Clay | Oak - Sand | Pine - Sand Oak - Clay | Pine - Clay | Oak - Sand | Pine - Sand 
| | | | | Total a et BA Gk ted semen Waa i 
Lit. 0 22 5} Lit. |0-2}2-5] Lit. |0-2/2-5} Lit. 0 2|2-5 Lit. lo 2 2-5 “5 ae. | ‘0 0-2 2 5 Lit. 0- ale. 5} Lit. |0-2)/2-5 uae 
Protura = | Rvitinnns ies cca 
Eosentomon , ol | im obscuriventris. . 1 } 1 
pusillum 758|167| 78} 45] 34] 38} 332) 92) 97] 212/194/118] 2149 + Xestocephalus 5 | , . 
Thysanura : | | | as i pulicarius . . 1 1 1 3 
Machilis variabilis 1| ‘ ica 1 X. tessellatus...... an 1 Bete ee | i 1 
Aptera an Boss Eacl bee Homoptera nymph . "| ae es | a SA ee oly 7 
lapygidae , 4 = | | Coccoidea one 
lapyx sp... 2} 6) § _ a } tl | 21 Coccidae 
Parajapyx mm | Newsteadia sp.. , 7 2 9 
minimus 34) 88/235] 35) 96/277] 23) 62/296) 18] 90/278] 1532 Rhizoecus sp. 1 | oe - 
Ipagidae, | Pseudococcidae | . i 
unknown 1} 2) 15 2} 17] 36) 5} 2 2; 9 91 Pseudococcus juv. . 1 | 1 
Total ——|—-| —{——| —| 4 ——| —  —_ —| —|— Isoptera Termitidae 
lapygidae 37| 96/255) 37/114/318} 23) 68/299] 18] 92/287] 1664 Reticulitermes 
Campodeidae } virginicus . 7 2 4 13 
Campodea fragilis.| 5 5 Re. juv....... 2) 2 3 ii] i) 9} a8 
Collembola : CorroJentia "| ‘ 
Proturidae Trogiidae 
Achorutes armatus 5 5 aoe 
4. pseudarmatus 3 3 divinatorius . . 2 4 | 4 | 7 
Siu grandis : 1 1 nee so a - 3) . . a 
Neanura persimilis 1 1 socus juv. 2 4 | P | 
N. muscorum 1 1 Caecilius : 7 + 2. 7 " 
N. barberi 1 1 aurantiacus . 1 1 
Pseudachorutes shy sma : 
complerus : 1 1 -teroranium sp... 5 | 
P. ps 1 1 2 Thysanoptera , ' ‘ : 8}. } 19 
P. lunatus mil 2 2 Thripidae | 
P. sazxtilis 1 l Franklinella 
P. sp. 1 stylosa 1 3 2 | e 
Onchiurus subte nuis.| 112 1040 1152 Palaeothripidae | ' 
Odontella ewingi 6). 6 lurythrips sp... 1} 8 - ; 9 
Tullbergia clavata 6 6 Hercothrips striatus Y 1 a ee ee R 
Xenilla we ——- 1 1 Hoplothrips ae ‘ 
Entomobryidae pergandei. . 302) ¢ 9} 89) 2 5 | | 5 
Entomobrya | | Trachythrips “a4 = 5 hos a ' 7 ” 
bicolor 1) | | 1 2 watsoni 42) 113) 1 1 q 
PE. coves sas i Ye 3 3 Nymph : 53| | 1 oat al a6 a . = 
E. marginata : | 1 4 Unknown thrips. i tt ue 31 54 
E. purpurascens ee 3 3 i | 
Folsomia elongata | 13 13 Total — | 
F. fimentaria 25) | 34 59 counted. ........ 399! ¢ 2] 218) 7) 51 126) 9! 7 
Isotoma minor... .. a a | 1 1 —— bea bs ae so Bs hess =. m Bie: 8 x. | 883 
I. sensibilis . . . | 2 2 Total thrips | 
I. trispinata ft 19 19 collected 1912) 77) 18]1054) 80) 71]1829| 16} 61100) 13] 5} 6181 
i ~ ae 6 | ; 26 32 | 
Isp. 1.. : | et Coleoptera......... a|...|.. 6| 1 9 
Lepidoe: yrtus } | | ar — a ‘aaa | j ; 
cyaneus anescens 19) Po 29)...] 216 264 rthoperidae 9 | 
L. unifasciatus 1 ae Q|...| 30 33 Gronevus 14 Ye Se a: |-- 13}. 49 
L. sp. | ee 27 27 truncatus me 1 1 
L. sp. ; dak : - a ; Sacium sp........ ; ae ves eo; as 2 
Onchesella ainsliei | 1| 43). 44 Staphylinidae. ...]'“19|'°3)'"i}/ 53) 15 a}... 62] 4) i] 188 
0. albosa...... eal 1| eae ee 1 Aleocharinae. . | 2] 5| 5 6| 3)...] 9 i] 32 
Proistoma minuta . 4}. a Am 4 Staphylininae. . . 2 ha i e : 2 
Péeudosinella Dal | | Bryophorus | .. | fe Say ‘ 2 
octopunctata : | ee Ae 8 11 rufescens...... 1} fe 1 
P. alba ae fosa we 1 1 A pocellus at 
P. violenta 9}...] | Secci 42 54 sphaericollis. . i... | 1 
Tomocerus flavescen: ns } | | | | } Boletobius cinctus . i|.. (| AE: ae (ee, ae 2 
| ~igricriign ‘ Be 2 
americanus “peel veefeesdes on 14 Flagria sp... 1) sad mY wy i 1 
T. f. separatus ee an Aes ee 5) | ; 5 Megarthrus | eS al 
T. lamelliferus | Be So ae 12 americanus 1]. re | | 1 
i... | 4 ey 3 3 Stilicus sp. - ce fh RS SE De a es IP 2 
T. sp. 2 | BY a eee 2 Mavetia sp.. . a) ...| Bpencls+.| Gl 2} 6) 20k...) Shaan Oe 
Symphypleona | | Pselaphidae. . 1| : $7) 11 1 8 ve 13} 2 63 
Smynthuridae | | Ptiliidae 6| ed Te OSL Gece ae 
Neosmynthurus | | } | Ptinidae. . 1 Bae ae Re i aes 3 | oe i 2 
curvisetis "oo ee Li © ee ee 13 Scaphiidae. . “des es ae a De a. 5 
Sminthurinus | } | | | Baeoceras sp...... 3} 2 1| .. 16) : 19 i f 43 
aureus........ es a ee : | ee oe 2 Trchopterygidea | Pom ie ; 
| | ‘ | : pterye se 
£ Sone mae a |---| . 2 5 | 3 ee ar a oe ie ee ee ee 2 
Sminthurus medialis 3}. : | Aes 0a view al 3 Scymaenidae. . | | j 4) 3 
Total Collemboa | oe | | - Silphidae m se | #- so is is sad 
| | E 
counted ; ‘ | ; ‘ 1825 Colenis 
Blattidae juv. 3}...| | 1 4 impunctata ae 1 1 
Gryllidae juv. 6 an : 6 Cucojoidea a ; 
Dermaptera | | | } Cucujidae 
Labia minor L. | a : eoceh Maexcalec l Ahaseversus 
Labia minor L.. . A Ee Bos | ON .| oy 1 advena 1) 2] 4). 4 
Lygaeidae } | | | Laemophloeus | | } 
eraeus plebejus i yee : ‘ie eee jhe l fascwtus....... oe 2} 1 3 2. = ee 10 
Antillochoris pilosus | oath asels soso amet nates i... 1 Lathridiidae...... ERE Se wy a 
Ptochiomera nodosa oe 6) 1) o...1 2 oe 15 Corticaria sp... ... ER 2s 1 H.. 2 
Lygacid nymph : 5|.. “ » ae ee 12 Melanepitiaine j hi ee i 
Cryptostemmatidae Bie Die See 1 al 1 
‘eratocombus ee | Nitidulidse } } | 
onpane. ....... aut } / a ae Se Ren ee 2 Epuraea sp..... 2 1 soa | 
Plolariidae | ie Stelidota gemmata.} —7| 2| 1| di fm 10 
Empicoris sp. shes | a Pe eee are 1 Serropalpidae | | 
Homoptera | | | ‘allomenus sp. noel 1 1 
Cicadellidae | | Cerambycoidea | 
Deltocephalus | | } Chrysomelidae 
Aavicosta 4). 1| eae 1) 6 Chaetocnema 
D. sonorus “s | 4 Ghz | : l 2? confinis a eee A A eee ie 1 
Erythroneura sp. ian & dota 5 Chalmys sp... Be Gx Tee ae re Se ee 2 
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Dascilloidea 
Dermestidae..... 
Mordelloidea 
Scraptiidae 
Scraptia sp. 
Cleridae 
Anthicidae 
Tomoderus sp. 
Notoz us 
bicolor Say. . . 
Scarabaeoidea 
Scarabaeidae 
Ataenus sp. 
Serica iridicolor . 
Bethylidae 
Phyncophora 
Scolvtidae 
Hypothenemus 


Sa 
Curculionidae 
Acalles sp.. . 
Pandeleteius 
hilaris sp.. 
Lepidoptera 
Gelechiidae . . 
Tineoidea 
Momphidae 
Psacaphora sp. 
Hymenoptera 
Unknown 
Chalcidoidea 
Encyrtidae 
Aphycus sp. 
Pteromalidae 
Diapara sp... . 
Eulophidae 
Zagramosoma 


“ee 
Diapriidae 
Tropidopsis sp. 
Spilomicrus 
sp. n. 
Pantolyta sp. 
Bethylidae 
'seud1- 
cobrachium sp. 
Psilobethylus 


Serphoidea 
Scelio” idae 
Telomminae 
Acolus sp. 
Hacrcnotus sp. 
Para, yron sp. 
Ps:u.agrion sp. 
Teionomus sp. 
Eulophidae 
T.trastichus 
sp. 
Callie ras sp. 
Lagynodes sp. 
Trimurops sp. 
Itonididae 
Mycodtplosis sp. 
Piatygastridae 
Trichoprias sp. 
Ichneumonoidea 
Ichneumonidae 
Gelis sp. 
Brahoni lae 
Euphori Ua sp. 
Heterospilus sp 
Patomous dispar 
Beth loidea 
Bethylidae 
Formicoidea 
Formicidae 
Po erinae 
Euponera gilva 
Fonera 
opaciceps 
Proceratium 
eroce .m 
Myru.ecinae 
Ap «nojaster 
treatae 
Crema to jaster 
ash mead? 
C. atk. nsoni 
C. laemscula 
C. Lineo.ats 
Leptothor.1z 
curmspinosus 


Lit. |0-2/2-5) 


Oak - Clay 


14, 2) 3 
2 


31 
153 





L. pergandei 


Pine 


Lit 





ore 





13 
105 
1 





- Clay | Oak - Sand 
. |O-2|2-5} Lit. |0-2/2-5) 
1 
1 
6; 1 8 
3 
1 
1 
1 
9) 2) 1 
1 1 
1 
1 
1 
1 
1 
3 
1 
1 18} 2 
3] «56 2 
1 
1 
2; 1 2 1 
4 1 
1 
| 
3} 5} 1 
24, 18 1 
78; 1} 19) 22) 11 
6 1) 4 
1 12 
1 1 18 
12, 55 
6 45 
87; 6 163, 6) 1 
8| 1 


Pine - Sand 


-~ oO 


Total 


orn 


16 


16 
1 


106 


138 


47 
57 
37 
68 
17J 


659 
21 























TABLE 10. (Continued) 
Oak - Clay }| Pine - Clay | Oak - Sand | Pine - Sand 
Total 
Lit. |0-2|2-5] Lit. |O-2|2-5} Lit. |0-2|2-5} Lit. |0-2)2-5) 
Monomorium 
minimum 20; 3| 1 1 1 26 
M. pharionis 98; 42) 50) 44) 10, 26) 3} 2) Of 86) 72/219] 652 
Myrmecina 
gramnicola 
americana 6; 3 5) 5 24 7| 11} 10 71 
Pheidole 
metallescens 3, 20 3) 4 1 31 
P. m. splendidula 19 19 
Solenopsis molesta 5} 1 1 7 
Formicinae 
Formica 
pallidefulva 1) 4 10 15 
Lazius } 
interjectus 11 20 22; 5) 9 67 
L. umbratus 
miztus 5 5} 1 1 8} 28) 15 63 
Prenolepis imparis 
testacea 3 1 4 
P. longicornis St S 1 19 
P. parvula 1 1 
Dolichoderinae 
Iridomyrmex 
humilis 22) 1 23 
Total Ants 290)103) 66] 275/190) 58} 287/176) 26] 231|308)308] 2318 
Diptera 1} 1 2 
Nematocera 
Tendipedidae 
Sapnitoma sp. 2 1 i 3 1 1 1 s 
Fungivoridae 2 2 1} i} § 5 1 2 19 
Epidapus sp. 1 2 1; 3 7 
Lycoria sp. 24; 11; S| 18} 10) 6{ 38) 10) 8} 42) 8) 4 187 
Pnyzia sp. 20 13 7; 1 15 ‘ 56 
Psychodidae 3} 1) 1 1 Hi a 4 3} i 2 15 
Psychoda | 
alternata 4 1 1 4, 2) 4 2 5} 3] 2 28 
P severingi 1 1 
Telmatoscopus 
albipictus 1 3} 1 a hu @ 1 Il 
Brachycera 
Phoridae 
Hippelates sp. 5 2 2} 2/.. 1 1 5 2 20 
Megaselia sp. 21; 3| § 5} 3] 2 6} 4) 2 8} 2) 3 63 
Pulicphora sp. 4 - ' 1 5 
Itonididae | 
Asphondylariae 1 ; : 4 1 
Parepidosis sp. 1 | } , 1 
Anthoinyiidae 
Muscina | | 
assimilis | , ; fo J 


LEPIDOFTERA.—Though caterpillars were often en- 
countered only two adult lepidopters came through 
the funnels (Table 10). 

COLEOPTERA.—Of the 724 collected about 336 sta- 
phylinids, 95 anthicids, 67 sevmaenids, 63 pselaphids, 
48 schaphiids, 29 lathridiids, 14 ptiliids, and the re- 
mainder of various groups (Table 10). Except for 
the staphylinid, Mayetia sp., these were largely from 
litter (Table 10). 

FormicipaE.—Of the 23 species of ants collected 
74% belonged to five species: Leptothorax curvispi- 
nosus (28%), Monomorium pharaonis (28), Cremas- 
togaster lineolata (7), Proceratium croceum (6), and 
Ponera opaciceps (5). These species occurred often 
enough (Table 10) so that their dominance was not 
due to one or a few large numbers collected at one 
time. 
of 
rans collected were ants and parasitic species. 


Hy MENOPTERA.—-Most the minute hum:nopte- 
The 
former have already been considered. Among the 
(415, 61%) and Calli- 


ceras sp. (86) were most common (Table 10). 


677 parasites Lagnodes sp. 
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DiprerA.—Among the 395 flies collected the fun- 
gus gnats (Lycoria, Pnyxia, Epidapus; 239, 61%) 
were most abundant (Table 9). Phorids (88) were 
next and these were followed by psychodids (55). 

Insect LarvAE.—All insect larvae were identified 
by the writer, who may have mistaken hymenopterous 
larvae for those of Diptera in a few cases. The re- 
sults are shown in Table 11 and Figure 7. It will 
be noticed at once that there were many more larvae 
(69%) in oak stands than in pine. Dipterous larvae 
made up 59% of the total and those of Coleoptera, 
33%. 


TABLE 11. Inseet Larvae and Nymphs. 





Homoptera...... 1} 13 3 2 19 
Heteroptera 1} 3 1 a 3 10 
Coleoptera 285) 73) 23 69} 23) 20/267) 69) 14]155| 31) 41033 
Sacium sp. 27 } 1 62) 1 12 143 
Total Coleoptera 312) 73) 23 69| 24| 20/329) 70) 14]167| 31) 4}1176 
Diptera ‘ 354) 69) 23]256) 52) 36)378| 24) 281158) 9) 1011427 
Chironomids 400) 14) 3] 54) 1 70| 19 44) 9 614 
Total Diptera 754) 83) 26)310) 53) 36}448| 43) 28]202! 10) 10)2041 
, A Dy } 
Lepidoptera 73; 9) 2] 25) 7 78) 10 47| 3) 2] 256 
Hymenoptera nia } | } 
SS ae oe ee, oe eet IW Sick. 15 


me we Be 


420|114| 56}866/128) 44}421) 52) 16)3517 





590 1038 489 3517 




















NEMATODA.—Very few (13) nematodes were col- 
lected, though doubtless many were present. The 
method used of heating litter and soil samples over 
Berlese funnels did not bring them out. 


iso Earthworms 364 150 
las Oak 229 Clay 238 es 
Pine 154 Sand /¥6 
joa 100 
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Fic. 9. The comparative numbers of earthworms col- 
lected in the Duke Forest from litter and at depths of 
0-2 and 2-5 inches in soil. 


ANNELIDA.—AIl earthworms that went through the 
Berlese funnels were too small and immature for 
identification but larger species taken from samples 
in the field were identified by T. H. Eaton. Table 2 
and Figure 3 show that 89% came from litter and 
42% from the oak stands on clay. 

GasTRoPODA.—Twenty-four small snails were col- 
lected, all from litter. The distribution of these was: 
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oak on sand, 58%; oak on clay, 17%; pine on sand 
17% ; and pine on clay, 8%. 


FOOD RELATIONS 


In all earthly habitats vegetation is the primary 
source of food because photosynthesis enables plants 
to manufacture organie substances from inorgani¢ 
materials. Another corollary is that vegetarians 
must always exceed carnivores in numbers. All vege- 
tarians do not feed on photosynthetic plants direetly, 
but many subsist wholly or in part on fungi and bae- 
teria that are in turn subsisting on living plants or 
dead plant remains. Then, too. many animals eat 
various foods—plant, animal, .emains of plants or 
animals, such as dead leaves or feces. Such an ani- 
mal may gnaw or suck sap from a growing plant, 
browse on verdant vegetation, gnaw the careass of a 
dead animal, eat part of a fungus, or devour a por- 
tion of a “cow chip.” 

Litter and soil animals are no exception in their 
food relations and one would expect that those that 
occur in greatest numbers (Tables 1, 2) would feed 
on living or dead vegetation. Litter consists of dead 
leaves, stems, bud seales, and the feces of various 
animals. It also supports myriads of living bacteria 
and fungous mycelia. Among the most numerous 
vegetarians are collembolans and mites; especially 
podurans and oribatids. Other vegetarians are many 
ants, termites, thysanopterans, bugs (lygaeids, cica- 
dellids, jassids, coccids), certain beetles (anthicids, 
ptinids), snails, and symphylans. Those that feed 
largely on fungi are fungous gnats, pauropods, eam- 
podeans, certain collembolans, thysanopterans, and 
beetles (erotylids, tineids). 

Animals that feed on litter (which is a mixture of 
leaves, stems, feces, bacteria, and fungi) and wood 
in the form of decaying roots and bark may be listed 
as machalids, apterans, termites, tineid and gelechiid 
moths, sylphids, cueujids, cureulionids, seolytids, 
chironomids, ceratopogonids, tabanids, proturans, 
lathriids, psychodids, and diplopods. Many of the 
insects mentioned are geophils, and therefore feed 
on litter only as larvae. The only animals that regu- 
larly feed on soil and its organie matter are earth- 
worms. Others that live regularly in soil (symphy- 
lans, iapygids, pauropods, proturans, nematodes) 
suhsist on disintegrating roots and other parts of 
plants, or fungi and bacteria, Gc they are carnivorous. 

The chief carnivores associated with soil are chilo- 
pods, chelonethids, spiders, pselaphid and staphylinid 
beetles, certain mites (eupodids, bellids, chelytids, 
erythraeids, trombidiids, parasitids), ponerine and 
doryline ants, reduviid bugs, and certain collembolans 
and thysanopterans. 

Some inhabitants of litter and soil may be elassi- 
fied as saprophytic. Among these the larvae of cer- 
tain staphylinids, dermestids, psychodids, chirono- 
mids, ceratopgonids, phorids, diplopods, pauropods, 
and haplodermatid mites are characteristic. A few 
so] dwellers frequent ants nests and live more or 








142 A, 8. 
less on the brood or food of ants (pselaphids, staphy- 
linids, seymaenids). 

A considerable number of parasites live on or in 
soil animals. Among these the Hymenoptera, para- 
sitoid mites, and nematodes are most important 
(Ichneumonida, Braconidae, Stephanidae, Chaleidae, 
Pteromalidae, Enerytidae, Selionidae, Platygastridae, 
Bethylidae; Parasitoidea, Chelytidae; Dorylaimidae). 

DISCUSSION 

The writer’s observations (Table 2) indieate that 
more minute animals are present at all seasons in 
litter than in the soil below. But when water be- 
came limited many of the small animals descended to 
deeper levels. The writer’s (1943) study of the 
macrofauna of the Duke Forest showed that the re- 
moval of litter by raking or burning greatly redueed 


the number of animals. <A pine stand left intact 
harbored 59% of the animals; a burned area, 22.5%; 


and a raked area 18.5%. 

Sort.—Soil is like water, as compared to the at- 
mosphere above, in that it does not permit evapora- 
tion from the bodies of animals that live in it and 
that it is to a considerable degree thermostable. It 
contains food in the form of living and dead roots. 
Fungi and bacteria help to soften and disintegrate 
roots, leaves, and other remains of plants. Channels 
are made by moles, rodents, earthworms, millipeds, 
certain insects and their larvae, by other soil animals, 
and by the disintegration of roots. Soil channels 
not only serve as highways for animals but permit 
the passage of air and water. Most of the food and 
oxygen are near the surface, but water tends to fall 
to deeper levels and during dry periods certain ani- 
mals follow it downward. Soil is stratified. On the 
surface is a layer of “unincorporated” organie mat- 
ter (mor) which is often matted; below this is a 
layer of mixed organie and mineral soil particles 
(duff); and below this is virgin mineral material. 
As Jacot (1936a) pointed out a considerable part of 
the organic matter in surface layers consists of the 
feces of epigean or soil animals. 

DISTRIBUTION OF Som ANIMALS.—“‘The territority 
of a grizzly is forty square miles, the territory of a 
red squirrel is five acres of woodland, of a vole a 
thousand square feet. In the forest carpet the same 
ratios obtain. . By restricting our examination to 
one square foot we correspondingly and automati- 
cally restrict the animals we study to species meas- 
uring less than a quarter of an inch in length” (Jacot 
1935). Litter and soil animals appear to be distrib- 
uted mostly with relation to food and moisture. Eggs 
are often deposited and young develop where food 
is available, or is brought. They seek deeper levels 
when the soil dries out. 

Space.—The small channels in soil are essential 
for soil animals and soil plants. Some fungi require 
spaces in which to fruit (Kuriena 1938). Ants are 
said to affect soils more than earthworms (Taylor & 
Ginnies 1928, Jacot 1940). Channels made by ani- 
mals are more significant than pore spaces between 
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soil particles. Jaeot (1940) elassifies soil animals 


into three groups: (1) reducers of litter, (2) mixers, 
and (3) channelers. A mole cricket burrows near 
surface but tiger beetle and elaterid larvae may dig 
to a depth of six feet. 

NuMmBers.—Sambon (1927) found 250 speeies of 
Protozoa in English soils; from 1 to 46 species in a 
Waksman (1932) protozoans 
may exceed 10,000 per gram. Kubiena (1938) states 
that in England nematodes are the most numerous 
soil animals, and that mites and collembolans e»me 


single sample. says 


next. In Canada Marehant (1934) found 12 speeics 
of nematodes that belonged to 8 genera in soils. 


Bornebusch (1930) in northern Europe found that 
mites were the most numerous animals (1,000-10.000 
per m*); (500-7,000 
m”). He weighed soil animals and found 76.81 grams 
“superior oak” and 5.25 grams per m? in 
He also observed that there were 
relatively more predators in Starling 
(1944) found 1,672,704 pauropods per aere in oak 
stands and 2,178,000 in pine in the Duke Forest. 
The writer (Table 2) did not find so great a differ- 
ence. In any soil the smallest animals are most 
numerous, yet Eaton (1943a) estimates that there 
may be 1,000,000 earthworms per aere in good farm 
land and further states that if people were as small 
as soil animals the whole population of Chieago could 


eollembolans came next per 


per m? in 
improverished soil. 


poor soils, 


be contained in 22 square feet. 

DeptH.—Other observers agree with the writer 
that soil animals are mostly near the surface. Waks- 
man (1932) states that most bacteria are in the 


upper 3 inches in shady areas and in the upper 4 
inches in the sun. Sambon (1927) found few proto- 
zoans in Jaeot (1940) found that eollem- 
bolans and mites might descend 8-15 feet, and earth- 
worms 8 feet, but that these animals were usually 
near the surface. King (1939) found soil inseets 
concentrated near the surface. Boweja (1937) esti- 
mated that at Rothamsted 80-90% of the soil fauna 
was restricted to the top 9 inches. The writer (1943) 
found soil animals at somewhat deeper levels in a 
forest where litter had been raked off. 

ADAPTATION S.—Small live 
faster and move faster than those of larger size 
(Bornebusch 1930), on account of surface mass rela- 
tions and the mechanies of locomotion. But certain 


subsoil. 


animals in general 


soil animals are specialized for slow locomotion 
through a dense medium. Those that live below the 
surface are elongated, cylindrical or depressed, 


whereas those that live at the surface are compressed 
and saltitorial or swift and more or less spherical or 
depressed. Jacot (1935) states that three-fourths of 
the population are eyeless and that there are more 
non-volants than volants present. 

Foops.—Some space has already been devoted to a 
discussion of the foods of litter and soil animals but 
some matters remain. A forest if undisturbed ferti- 
lizes its own soil (Hursh 1938). For flagellates, 
ciliates, and amoebas food is more significant in ¢on- 
trolling distribution than pH, water, or temperature 
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(Sandon 1927). Fungi reduce leaves; animals pro- 
duce feces. Some animals will not eat fresh leaves 
but devour those in litter. Eaton (1943) deseribed 
a “mull-forming millipede” that would not eat clean 
dead leaves but at once ate moist peat, fed on mull, 
and ate sparingly on white oak bark and the feces 
of Parajulus. Diplopods in general feed on disin- 
tegrating plants and humus from hardwoods is pre- 
ferred over that from conifers. Proturans live for 
days on rotting leaves (Ewing 1940). Bornebusch 
(1930) classifies soil animals as: (1) those that live 
on soil and organic matter (earthworms), (2) those 
that eat organie matter without soil (snails, enchae- 
trids, isopods, diplopods, certain mites, collembolans, 
dipterans, elaterids, ete.), and (3) predators (chilo- 
pods, spiders, chelonethids, staphylinids, ecarabids, 
ete.). Jaeot (1940) distinguishes animals that eon- 
sume primary foods (green plants, fungi, dead 
plants, feces) from those that subsist on bacteria and 
fungi (protozoans, larvae, ?enchytraeids, nematodes, 
slugs, ete.). He points out also that roots c¢ontin- 
ually die and furnish food. Fungi and_ bacteria 
soften them and thus make them fit food for ter- 
mites, insect larvae, and other animals. It is not 
always possible to classify all animals in a group 
into the same food eategory. Banks (1915) points 
out that about half the species of mites are parasitic, 
and others are predators, vegetarian, or saprophytie. 

Lire Cycies.—Most soil animals are annuals or 
have even shorter life eyeles. Earthworms, however, 
may live several years. Most mites are annuals. 
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Fig. 10. Numbers of proturans, symphylans, iapygids, 
and pauropods collected in the Duke Forest at various 
Seasons; September 1, 1944 to August 31, 1945. 
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Mites and spiders often spin coeoons over their eggs. 
Diplopods build cases of clay and remain with their 
eggs until they hatch. Most specialized insects occur 
in soil only during development and as adults are 
epigean, but most primitive insects pass their entire 
life eyeles on or in soil. 

SEASONAL VARIATIONS.—Some collembolans are 
abundant at certain seasons, others are common the 
year round (Bornebusch 1930). At Rothamsted 
Boweja (1939) found them most abundant in au- 
tumn. Weese (1925) observed a great increase of 
insects in forests in autumn. This was due to the 
migration from fields and forest, borders. Such ani- 
mals use forest litter or soil as a refuge in winter. 
On the whole, however, there is little variation that 
shows correlation with any factor except soil water 
(Table 4). 

Datty VARIATIONS.—Jacot (1935, 1940) found 
some evidence that litter and soil animals migrated 
upward at night. There is no doubt that they move 
up and down with variations in moisture. 
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Fig. 11. Numbers of mites, collembolans, chelonethids, 
and ants collected in the Duke Forest at various seasons; 
September 1, 1944 to August 31, 1945. 


100 


WaterR.—Litter and soil organisms are for the 
most part adapted to high humidities. Stunkard 
(1944) found that the optimum humidity for the 
development of an oribated mite (Galumna sp.) was 
82%. Many students of soil organisms agree that 
moisture is the most significant factor in controlling 
abundance and migrations (Causey 1940, Franzel 
1936, Marchant 1934, Starling 1944). Weese (1925) 
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found that forest animals varied in inverse ratio to 
the evaporating power of air. This seems to be true 
of diplopods but Park (1935) found they were active 
in a dark chamber 88% at night. Frenzel (1936) 
found mites more numerous than collembolans in dry 
soils, but the opposite was sometimes true in wet 
Sandon (1927) found no connection between 
rainfall and abundance of protozoans. Hinds (1902) 
observed that thysanopterans were quite resistant to 


soils. 


variations in humidity. 

TEMPERATURE.—In forests in temperate 
animals are not much influenced by temperature vari- 
ations. But in a cropped prairie Dowdy 
(1944) found that soil animals burrowed deeper in 
winter. They descended when temperatures reached 
0-3.3° C. Banks (1915) 
bellid mites are active in winter and flourish at low 
temperatures, but erythraeids do best in hot situa- 
tions. Michelbacher (1938) found the optimum for 
Seutigerella to be 12-20° C.; Starling (1944) for 
16-20° C. Causey (1940) that 
diplopods were active at lower temperatures than in- 
Hinds (1902) observed that thysanopterans 
survived after exposure to low temperatures (—21° 
Ci). (1940) states that frost has little effect 
on soil animals. The writer’s observations (Table 4) 
show little evidence that there are marked variations 
with seasonal changes in temperature. 
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Fig. 12. Numbers of animals collected at various sea- 
sons in the Duke Forest; September 1, 1944 to August 
31, 1945. 


HyDROGEN-ION CONCENTRATION.—Arrhenius (1921) 
stated that pH 6-7 was most favorable for earth- 
Allee et al. (1930) found earthworms in 
soils that varied from pH 5.6 to 8.3; most abundant 
at pH 7-7.8. In Manitoba Marchant (1934) observed 
that earthworms decreased when pH or water de- 
ereased. The writer’s (Figs. 1, 2) 
showed that soil moisture and pH rose during the 
colder months and decreased in summer. 


worms. 


observations 


The range 
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of pH variation was less than that of moisture. 
ConsortTEs.—King (1939) states that forest ani- 
mals have few specifie parasites. The considerable 
number of parasiti¢e hymenopterans and mites col- 
lected by the writer throw some doubt on this con- 
clusion. Some forest animals have special adapta- 
tions to protect them from predators. Some diplo- 
pods have hard exoskeletons, roll into spirals, and 
have repugnatorial glands. Polyxenids are thickly 
with Centipedes and 


set trichomes. 


spiders have 
speed and poison claws as adaptations for warding 
off predators, vet both are at times attacked by para- 
siti¢ mites. 


SUMMARY 


1. In the Duke Forest 48 collections were made 
each month for a vear; 12 from an oak stand on clay, 
12 from pine on clay; 12 from oak on sand, and 12 
from pine on sand. 

2. From the 576 samples collected and placed on 
Berlese funnels 353,026 animals were recovered 
(Tables 1, 2, 3), an average of 1719 per square foot 
each week (Table 4), or 2,590,082 per acre (Table 1). 

3. An average of 65% of the animals were recov- 
ered from litter, 30°¢ from a depth of 0 to 2 inches, 
and 5% from a depth of 2 to 5 inches (Tables 2, 3). 

4. Characteristic animals in soil were, in order of 
abundance: proturans, iapygids, svmphylans, pauro- 
pods, and a staphylinid beetle (Mayetia sp.) (Tables 
1, 2). More animals were found at a depth of 0-5 
inches in the stand of ocak sand than on other 
areas (Table 3). 

5. In litter characteristic animals were, in order of 
abundance: mites, collembolans, thysanopterans, in- 


on 


sect larvae, ants, chelonethids, various insects, diplo- 
pods, spiders, chilopods, earthworms, termites, snails, 
nematodes, and phalangids (Tables 1, 2 

6. Soil moisture appeared to be more effective in 
controlling number of animals present than varia- 
tions in temperature or hydrogen-ion concentration 
(Pigs. I, 2, ii, 12, 13). 

7. No significant differences between the popula- 
tions of oak and pine or clay and sand were found 
(Tables 2, 4), though particular types or species 
were often more abundant in oak or pine forest 
types or in clay or sand soils (Figs. 4, 8; Tables 5, 
4,8 S48, BY). 

8. Food relations of litter and 


soil animals are 


discussed. Typical vegetarians are mites (especially 
oribatids) and collembolans (especially podurans), 


certain bugs, certain beetles, snails, and symphylans. 
On fungi feed fungous gnats, pauropods, campo- 
deans, collembolans, thysanopterans and certain bee- 
tles. Among litter feeders are diplopods, machalids, 
apterans, termites, moth larvae, certain beetle and 
dipterous larvae. Earthworms are the only animals 
that eat soil and organic materials. The chief pre- 
dacious animals are chilopods, chelonethids, spiders, 
pselaphid and staphylinid beetles, and certain ants, 
mites, bugs, collembolans and thysanopterans. Most 
parasites are mites or humenopterans. 
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9. The most numerous animals in litter and soil 
feed on litter, fungi, disintegrating plant remains 
(roots, bark, buds, ete.), and feces. 

10. Soil animals are usually eylindrical or flat- 
tened, and slow moving. Those that live in or on 
litter are often compressed and saltitorial, or rotund 
and swift. The chilopods and diplopods are of 
course exceptions to this generalization. 
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APPENDIX 


List of Animals Identified from Litter and Soil of the Duke Forest. 


Nematoda - 
Dorylaimina 
Dorylaiminae 
Dorylaimus obscurus Thorne & Swanger 
D. propinguus T. & 8. 
D. sublabiatus T. & S. 
D. n. sp. 
Longidorus elongatus (De Man) 
Annelida 
Allobophora califinosa (Sav.) 
Eisenia rosea (Sav.) 
Eiseniella tetraedra (Sav.) 
New Genus 
Mollusca 
Polygyra albolabris (Say). 
Rumina decollata (LL)? 


Chilopoda 
Arenophilus watsingus Chamberlin 
Cryptops hyalinus Say 
Geophilus legiferens Chamberlin 
Geophilus mordax Meinert 
Gnathomerium umbraticum (McNeill) 
Llanobius chamberlini Causey 
Linotenia bidens Wood 
Linotenia branneri Bollman 
Linotenia chinophila Wood 
Linotenia fulva (Sager) 
Lithobiid juv. or mutilated 
Nadabius saphes Chamberlin 
Nampabius mycophor Chamberlin 
Nampabius pinus Causey 
Otocryptops sexspinosus (Say) 
Pachymerium ferrugineum Koeh 
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Paitobius carolinae (Chamberlin) 
Paitobius zinus Chamberlin 
Pleurogeobius rarians (MeNeill) 
Ptyoiulus pennsylvanicus (Brandt) 
Scolopocryptops sexspinosus (Say) 
Serrobius pulchellus Causey 

Sogona sp. 

Sozibius sp. 

Sozibius tuobukus (Chamberlin) 
Taidabius suitus Chamberlin 
Theatops posticus Say 

Xenobius cryptus Causey 


Diplopoda 
Arctobius marginatus (Say) 
Brachyiulus pusillus (Leach) 
Cambala annulata Say 
Fontarid juv. 
Nopoiulus pennsylvanicus (Brandt) 
Polyxenus fasciculatus Say 
Scytonotus granulatus (Say) 
Spirostrephon lactarium (Say) 
Symphyla 
Hansenilla sp. 
Geophilella sp. 
Scutigerella causeyae Michelbacher 
Symphylella sp. 
Symphylellopsis sp. 
Arachnida 
Argiopidae 
Cicurina arcuata Keys. 
C. complicata Emerton 
Coelotes sp. 
Amaurobiidae 
Amaurobius sp. 
Titanoceca brunnea Emerton 
Anyphaenidae 
Anaphaenella sp. 
Argiopidae 
Singa sp. 
Clubionidae 
Anyphaenella sp. 
Castianeira sp. 
Clubiona sp. 
Clubiona seveveni Cambr. & Ivie 
Prurolithus sp. 
P. alarius Hentz 
P. singularis Banks 
Prurotimpus sp. 
P. certus Gertsch 
P. palustris (Banks) 
P. singulus Gertseh 
P. umbratilis (Bishop & Crosby) 
Dictinidae 
Dictyna sp. 
Dictyolathys maculata Banks 
Gnaphosidae 
Drassylus sp. 
D. variegatus (Hentz) 
Hahnidae 
Hahnia flaviceps Emerton 
Linyphiidae 
Bathyphantes sp. 
Ceraticelus laetabilis (Cambr.) 


C. laticeps (Emerton) 
C. minutus (Emerton) 
Ceratinella brunnea Emerton 
Ceratinopsis interpes (Cambr.) 
C. migripes Emerton 
C. purpurescens (Keyserling ) 
Cornularia sp. 
Grammonota sp. 
Lophocarenum sp. 
Microneta viaria (Cambridge ) 
M. persoluta (Cambridge) 
Originates rostrata Emerton 
Scylaceus pallidus Emerton 
Tmeticus sp. 

Lycosidae 
Lycosa sp. 
Pardosa sp. 
Pirata sp. 

Salticidae 
Icius sexmaculatus Banks 
Metaphydippus canadensis Banks 
Neonella vinnula Gertsch 
Sitticus sp. 
Talavera minusculus (Banks) 

Theridiidae 

Thomisidae 
Ozyptila sp. 

Micro 

Unknown-—juv. or imcomplete 


Phalangida 


Leiobunum juv. Oak Clay Litter 
Comstock 73 Brimley 465 
Phalangodes acanthina Crosby & Bishop 


Acarina 
Eupodoidea 
Eupodidae 
Rhagidia pallida Banks 
Bellidae 


Bella oblonga Say 
B. tesselata Ewing 
B. sp. 
Trombidioidea 
Anysitidae 
Anystis agilis Banks 
Tarsotomus spinatus Banks 
Erythraeidae 
Erythraeus exilipes Banks 
Fessonia longilinearis Ewing 
Parasitoidea 
Parasitidae 
Gamasiphis sp. 
Hypoaspis sp. 
Oplitis sp. 
Pergamasus sp. 
Podocinum sp. 
Zercon sp. 
Oribatoidea 
Oribatidae 
Pleoptinae 
Pleops tibialis Banks 
Oribatinae 
Alloribates singularis Banks 
Galumna emarginata Banks 
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G. minuta Ewing 
G. pterota Banks 
G. sp. 
Minuthozetes angusta Banks 
Oribata diversipes Banks 
O. moesta 
O. juv. 
Oribatella brevicomuta Jacot 
O. carolinensis Banks 
O. quadridentata Banks 
Peloribates affinis Banks 
Scheloribates milleri Jacot 
S. sp. 
Nothridae 
Tegeoeraninae 
Carabodoides retracta Banks 
Cepheus corae Jacot 
Tectocepheus expansus Berl. 
Daemaeinae 
Allodamaeus ewingi Banks 
A, juv. 
Autogneta amicis Jacot 
Belba florida Watson 
B. inaequipes Banks 
Eremobelba flagellaris Jacot 
E. gracilior Berlese 
Gymnodamaeus minor Banks 
G. pecrsei Banks 
G. sp. 
Jacotella quadricaudiculus (Jacot) 
Metabelba sp. 
Opiella apicalis Jacot 
O. squarrosa Jacot 
Oppia bispinis Nicol. 
Scutobelba sp. 
Nothrinae 
Camisia taurinus Banks 
Cultrobula sp. 
Epilohmannia sp. 
Eremcaeus pectinatus Jacot 
E. politus Banks 
Hermanella subnigra Ewing 
Leucoppia pilosa Banks 
Liacarus medialis Banks 
Lohmannia sp. 
Malaconthrus sp. 
Nothrus quaripilis Ewing 
N. truncatus Banks 
N. juv. 
Zetorchestes equestris Berl. 
Notaspidinae 
Notaspis bispinis Nicol. 
Hoplodermatidae 
Labidostomatidae 
Labidostomma mammilata Say 
Insecta 
Protura 
Eosentomidae 
Eosentomon ? pusillum Ewing 
Thysanura 
Machilidae 
Machilis variabilis Say 
Aptera 
Iapygidae 
Parajapyx minimus (Swenk) 
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P. scalpellus Fox 

¥.. 0p. 

Hemijapyx sp. (near unidentatus Ewing) 

lapyx spp. 

Miojapyx sp. (near americanus Ewing) 
Campodeidae 

Campodea ? fragilis Meinert 

Dermaptera 

Labiidae 


Labia minor 


Collembola 
Arthropeleona 
Poduridae 


Achorutes armatus Nicolet 
A, pseudarmatus Folsom 
Friesea grandis Mills 
Neanura barberi Hands. 
N. muscorum Templeton 
N. persimilis Mills 
Odontella ewingi 
Onchiurus subtenuis Folsom 
Pseudachorutes complexzus Mae G, 
P. corticolus Schaffer 
P. lunatus Folsom 
P. saxatilis MaeNamara 
P. sp. 
Tullbergia clavata Mills 
T. sp. 
Xenilla welchi Folsom 
Entomobryidae 
Entomobrya bicolor Guthrie 
E. ligata Folsom 
E. marginata Tullberg 
E. purpurescens Packard 
Folsmoia elongata MaeGill 
F. fimentaria L. 
Isotoma minor Schaffer 
I. sensibilis (Tullberg) 
I, trispinata Mae G. 
I. viridis Bourlet 
Lepidocyrtus cyaneus anescens Guthrie 
L. unifasciatus James 
L. sp. 1 
L. sp. 2 
Orchesella ainslici Folsom 
O. albosa Guthrie 
Proistoma minuta Tullberg 
Pseudosinella violenta Folsom 
P. octopunctata Borner 
Tomocerus flavescens americanus Folsom 
T. f. separatus Folsom 
T. lamelliferus Mills 
fT. ep. 1 
T. sp. 2 
Symphyleona 
Smithuridae 
Neosmithurus curvisetis Guthrie 
Smithurinus aureus Lubbock 
S. elegans Fitch 
S. medialis Mills 
Orthoptera 
Blattidae 
Parcoblatta juv. 
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Gryllidae 
Gryllus juv. 
lsoptera 
Termitidae 
Reticulitermes virginicus Banks 
R. juv. 
Corrodentia 
Trogiidae 
Lipocelis sp. ? divinatorius Fabricius 
Caeciliidae 
Caecilius aurantiacus (Hag.) 
Psocidae 
Psocus juv. 
Perientomidae 
Pteroranium sp. 
Thysanoptera 
Nymph 
Thripidae 
Franklinella stylosa Hood 
Phlaeothripidae 
Nymphs 
?Hercothrips striatus (Hood) 
Hoplothrips pergandei Hood 
Eurythrips sp. 
Urothripidae 
Trachythrips watsoni Hood 
Heteroptera 
Reduviidae 


Empicoris sp. ? 


rubromaculatus Blkbn. 
Lygaeidae 
Nymph 
Antillochoris pilosus (Stal.) 
Ptochiomera nodosa Say 
Cryptostemmatidae 
Ceratocombus vagans MeA. & M. 


Homoptera 
Cicadoidea 
Cicadellidae 
Deltocephalus ? sonorus Ball 
D. flavicosta Stal. 
Exitianus obscurinervis (Stal.) 
Xestocephalus pulicarius Van D. 
Xestocephalus tessellatus Van D. 
Coccoidea 
Coccidae 
Newsteadia n. sp. 
Rhizoecus sp. 
Pseudocoecidae 
Pseudococcus juv. 
Coleoptera 
Staphylinoidea 
Orthoperidae 
Gronevus ? truncatus Lee. 
Sacium sp. 
Staphylinidae 
Aleocharinae 
Ormaliinae 
Apocellus sphaericus (Say) 
Diochus angularis Er. 
Boletobius cinetus Grav. 
Bryoporus rufescens Lee. 
Falagria sp. 
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Megarthrus americanus Sachse 
Rugilus angularis Er. 
Pselaphidae 
Mayetia sp. 
sp. 
Scymaenidae 
Ptiliidae 
Seaphiidae 
Baeocera sp. 
Silphidae 
Colenis impunctata Lee. 
Cucojoidea 
Nitidulidae 
Epuraea sp. 
Stelidota gemmata (Say) 
Cucujidae 
Ahasversus advena (Walth.) 
Laemophloeus fasciatus Melsh. 
Lathridiidae 
Corticaria sp. 
Melanophthalma sp. 
Dascilloidea 
Dermestidae 
Cerambycoidea 
Chrysomelidae 
Chaetocnema ? confinis Cr. 
Mordelloidea 
Anthicidae 
Tomoderus sp. 
Seraptiidae 
Scraptia sp. 
Serropalpidae 
Hallomenus 
Scarabaeoidea 
Searabaeidae 
Ataneus sp. 
Serica iridicolor Say 
Seolytidae 
Hypothenemus sp. 


Zn 


p- 


Curculionidae 
Acalles sp. 
Pandeleteius hilaris Hbst. 
Lepidoptera 
Gelechioidea 
Gelechiidae 
Tineoidea 
Momphidae 
Psacaphora sp. 
Hymenoptera 
Chaleidoidea 
Encyrtidae 
Aphycus sp. 
Eulophidae 
Zagramosoma sp. 
Pteromalidae 
Diapara sp. 


Anacharitinae 





Cynipidae 
Anacharis sp. 
Serphoidea 
Selionidae 
Telenominae 
Acolus sp. 
Hadronotus sp. 
Paragyron sp. 





Pseudagrion sp. 
Telenomus sp. 
Calliceratidae 
Aphanogmus sp. 
Calliceras sp. 
Lagynodes sp. 
Trimicrops sp. 
Platygastridae 
Diapriidae 
Pantolyta sp. 
Trichopria sp. 
Tropidopsis sp. 
Spilomicrus sp. 
Ichneumonoidea 
Ichneumonidae 
Gelis sp. 
Brachonidae 
Euphoriella sp. 
Heterospilus sp. 
Pambolus dispar Brues 
Bethyloidea 
Bethylidae 
Pseudiobrachium sp. 
Psilobethylus n. sp. 
Cediciomyidae — Itonididae 
Mycodiplosis sp. 
Formicoidea 
Formicidae 
Ponerinae 
Euponera gilva Roger 
Ponera opaciceps Mayr 
Proceratium croceum Roger 
Myrmecinae 
Aphenogaster treatae Forel 
Cremastogaster atkinsoni Wheeler 
C. ashmeadi Mayr 
C. laeviscula Mayr 
C. lineolata Say 
Leptothorax curvispinosus Mayr 
L. pergandei Emery 


Myrmecina gramnicola americana Emery 
Monomorium minimum (Buck.) 
M. pharionis (L.) 


Pheidole metallescens Emery 
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P. m. splendidula Wheeler 
Solenopsis molesta (Say) 
Formicinae 
Formica pallide-fulva Latreille 
Lasius interjectus Mayr 
L. umbratus miatus 
Prenolepis imparis testacea Emery 
Prenolepis longicornis Latreille 
P. parvula Mayr 
Dolichoderinae 
Iridomyrmex humilis Mayr 
Diptera 
Nematocera 
Tcndipedidae (= Chironimidae ) 
Spanitoma sp. 
Fungivoridae 
Epidapus sp. 
Lycoria sp. 
Pnywxia sp. 
Psychodidae 
Psychoda alternata Say 
P. severingi Tom? 
Telmatoscopus ? albipunctatus (Will.) 
Brachycera 
Photidae 
Hippelates sp. 
Megaselia sp. 
Pulicphora sp. 
Itonididae (= Cecediomyidae) 
Asphondylaridae 
?Parepidosis sp. 
Anthomyiidae 
Muscina assimilis (Fall.) 
Insect Larvae 
Heteroptera 
Homoptera 
Coleoptera 
Sacium sp. 
Diptera (and ? Hymenoptera) 
Chironomidae 
Lepidoptera 
Hymenoptera 
Formicidae 














